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To His GRACE 


„ A, - 


Duke of ARGYLE and 


GRE ENWIOEH, Maſter-General 
of His Majeſty's Ordnance, &c. 


May 14 pleaſe Your ce; 


$#I#Z H E collection of Tracts which 
2 1 * X, form this Volume, containing ſuch 
* parts of Mathematical. knowledge 
85 *g as are properly the ſtudy of a 
Soldier, ſeems to claim a kind of privilege 
to Your Graces's protection, as a General, 
and Maſter of the Ordnance: Nor can there 
be a greater inducement to the Gentlemen 
of the Army to regard theſe neceſſary Qua- 
lifications, than the countenance of Your 
Grace, whole great Example they wil be 
juſtly ambitious to follow. 
ARMS have been Your early exer- 
ciſe, and ARTS Your conſtant ſtudy: 
So that the eminent Figure Your Grace 


A 2 has 


CY 
$2384 
7 

. 
E * 
4] My 
5 - 
* 
* 
"44 
1 
E 
2 
* 
4 
1 
> 
* + 
»* 
4 * 7 
* 
= 
__ 
_ <= 
We 
2 
1 
Þ 
7 
= 
2 
#3 
* 
8 
TY 
. 
* 
2 
» 
5 


4 
* 1 
14 
1 
1 
131 
Py 
+: 
ws 
1 
9 
„ 
11 
9 
14 
1 


DEDICATION. 


has long made, both in the Field and Senate, 


is a topick upon which even a cold Imagina- 


tion might with eaſe expatiate : But tho? juſt 
Praiſe is undoubtedly a grateful Incenſe, yet 


there is a certain delicacy in the Offering, 
which I dare not attempt. | 

I therefore humbly beg pardon for the pre- 
ſumption of this Addreſs, and crave leave, 


with the moſt profound reſpect, to ſubſcribe 
myſelf, 


May it pleaſe Your GRACE, 
Your Gract's moſt Obedient, 


And moſt Humble Servant, 


William Welter. 
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THE 
Author's PREFA CE. 


B EING obliged by my Station to ſtudy the pro- 
pere/t means of inftrudting the Marine Officers, 
in ſuch parts of the Mathematicks as are neceſſary for 
their Qualification, I thaught the moſt eſfectual method 
would be to lay before them a Collection, wherein they 
might both ſee what they had ta learn, without trou- 
bling themſelves with any ether Bucks, and might with 
eaſe reviſe what they had already been iniructed in. 


I confidered, that this Collectian eught to be as ſhort 
as poffible ; that the Perſons for whom it is intended 
might not be diſcouraged with the length of the work ; 
and I may reaſonably hope that every Gentleman con- 
cerned will endeavour to render himſelf duly gnali fied, 
when he obſerves, that the whole courſe of his Mathema= 
tical Studies are comprehended in three little Volumes. 


In the entrance upon each Subject I have let nothing 
paſs without clear explication and demonſtration ; but 
in the progreſs, I have wy to leave the Reader the 
pleaſure of diſcovering by himſelf ſome of the moſt eaſy 
concluſions; of which, hawever, I have given him 
proper intimationt by 

J have 
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vi The AvTHor's PRETA-CE. 


¶ have not been ſcrupulouſly exa in rendering my 
method of demon/iration perfeely 77 and in de- 
ducing my proofs immediately from fit Principles, or 
the next preceding Propoſitions; but have rather made 
# it my chief endeavour to avoid every thing that might 
F embarraſs, or diſcourage my Readers : And when ſe- 
4 veral demonſtrations have offered themſelves in proof 
of the ſame Propoſition, I have have always aft that 
which appeared to me moſt intelligible and ſhort, rather 
than that which perhaps might be thought more exact, 
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$$$ HIS Hort Courſe of ae, Al; 


& K% thematicks, which I have ventured 
7 F to tranſlate how the F rench, fqr the 
& benefit of the Engliſh Reader, will, 


XN MS I hope, by its 3 ond perſdi- 


K NSN NSN cuity, recommend itſelf to ſuch Gen- 
tlemen as think ſome knowledge in theſe uſeful Sci- 


ences a laudable Accompliſhment. How neceſſary this 
Study is, eſpecially in the Articles which make up this 
Collection, to theſe who would rightly guallify themſelves 
either for the Army or Navy, is too evident 
to be inſiſted on; but haw conducive the preſent Per- 


' formance may be to that uſeful purpoſe, 1s not for me 


to determine; as a Tranſlator, I am become a party 
in the Deſign. I ſhall therefore preſume no farther, 
than humbly to offer a word or two in behalf of my 


Author, with Ms ta the ſeveral parts of his Wark, 


and | 


viii PAEFACE. 
and to ſubjoin, as I go on, a ſhort Account of the 
liberties I have taken in rendring it into Engliſh, 


He begins with a fhort extract from the firſt ſix, 


| and the eleventh and twelfth books of Euclid, wherein, 


I think, he has ſhewn great judgment, in collecting all 
that is neceſſary for his purpoſe, without burdening 
his Reader with any propoſitions foreign to his deſign ; 


fo that I think it may be juſtly ſaid, there is nothing 


extant of the lite kind, at once ſo compleat and jo conciſe : 
Nor do I judge it unworthy 1 remark, that the pro- 
poſitions ftand numbered as they follow in the books of 
Euclid. #/ith regard to the tranſlation of this part, 
¶ have one thing to advertiſe the Reader, viz. That 
whereas the Author had referr'd his extract from the 
fourth bark of Euclid, to his tract upon Practical Geo- 
metry, I thought it better to give all the Elements to- 


gether ſince references might as well be made to that, 


Part as the reſt. 


The ſecond ſabjec of our Author is Arithmetick, 
upon which having myſelf wrote more fully, I entirely 
omitted his Tradt; yet I hope it is not ill ſupphy d with 


iny Arithmetick in Epitome, which may ſerve as the 


firft Volume of this Courſe. 


Trigonometry is his third traci, in which he has 


pretty copiouſiy handled the Doctrine of Triangles, 
both plain and ſpherical, and has therein alſo given a 
ſhort, but clear, explication of the conſtruction and uſe 
of Logarithms, 
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PREFACE. be 


Practical Geometry is his next ſubject, wherein 
be ſuccinitly treats of the manner of taking Heights 
and Diſtances, of the method of making Surveys, 
and of the meaſurement of Surfaces and Solids. This 
part in the Original contains likewiſe fome extras 


from the fourth Book of Euclid, which, as I before 


 objeruv'd, in the Tranſlation, I have rang'd in their 
proper order among the Elements, with fome addi- 


tions. He has likewiſe therein given the deſcription 
of ſome Inſtruments, for which 1 muſt refer the Rea- 
der to the Appendix 1 have added at the end of the 
laſt Valume. 


The Uſe of the Globes is the next tract in the 
order of our Author; but being defirous to compriſe 
all that more immediately regarded the Land-Service 
in one Volume, I have placed this Tract in the be- 


| ginning of the laft Volume, as more adapted to Ma- 


ritime Afﬀairs. Ail I ball jay of this 3 16, 
that it is very ſhort, and yet I think ſufficiently in- 
telligible. 


Next fellows a tract upon Mechanicks, the fhort- 


| eft and moſt intelligible I have ever met with. There 
| ts one Article in this Treatiſe I have taken the li- 
berty to alter (thy) indeed I rather believe it to be 


an error of the Printer, than a miſtake of the Au- 


2 thor) ſince the change of but one word, viz. autant 
 Zznt moins, that is, as much into leſs, makes the 


; obſervation juſt, and the ſenſe conſiſlent with the 
= Corollary following. See Pag. 160. Fig. 21. 


tracis, which make up ene Volume in this Tranſla- 


Fortification and Gunnery are the two remaining 


troug 


. 


Siftance with reſpect to the latter. 


& PREFACE. 


tion, in which both thoſe ſubjefts are fi zac, 
handled. In the ene, the young Officer will ſee the 
maxims and methods of Military Architecture, with | 


a proper explanation of Terms; and in the other, | 
the Mathematical Principles applicable to Artillery, 
with juſt and neceſſary obſervations on the laws rl 


motion with reſpect to Prajecliles. 


Theſe being ſubjefts much out of my own Pres 
I therein conſulted proper ' Fudges : And muſt par- 
ticularly oun my obligations to Captain Richards 


of his Majeſty's Tram of Artillery, for his kind ” 


The two tracts on Navigation contain'd in 4% 


ether volume, are (eſpecially the latter) uncommon | 


K'//ays upon the ſubjeet : In the one is fhewn the con- E 
Struction and uſe of Inſtruments, Charts, and Tables; 


with the application of Trigonometry to Sailing in 


the calculation of the Courſe 70 Diſtance, and Dejr-| 4 
e 


ture; alſo the neceſſary Addenda of finding the Prime, 
Epact, Golden Number, Moon's Age, and time of 
High Water in any Port, &c. In the other, which 


l 
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concerns the working of a Ship (a ſubjec not treated P 


en that I know of by any Engliſh Author) is con- 


th, 


ſider d and explain d, from the eſtabliſp' d laws of AHe- /t1 


tion, and the form and ſtrufure of a V el, the ſe- 
veral motions a Ship is capable of receiving, and the 


proper methods of giving them; which neceſſai 10 


led the Author into the conſideration of the force 
and efficacy of the ſeveral Sails, according to their 
different ſituation ; as alſo the power of the Rud-| 
der in changing the line of Direction. T have only} 
to obſerve under this head, that as ſome of the 


us ces he delivers differ from the methods uſed 4 5 
7 e 
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FEEFACE x1 
the Engliſh, I have ſet you down the Engliſh manner 
of performance by way of Notes at the bottom of the 
page; which likewiſe contain whatever other obſerva- 
tions or remarks have occurr'd throughout the whole 
Performance. | 


In this part of the Work, I have been alſo careful to 


L get proper aſiſtance; and am eſpecially obliged to my good 


friend Captain Wilde, without whoſe Help it had been 


* impoſſible for me to have underſtood the French terms, 
or to have expreſs d them with any tolerable propriety in 


cngliſh: - But my Friend being abſent when the laſt 


2 hand was ſet to the Wark, I muſt ſtill beſpaek the in- 
2 dulgence of the Engliſh Sailor, if he finds my expreſſi- 
ons ſometimes deviate from the true Sea dialect. 


T have now done with our Author. As to the tuo 
Articles I have added, they are, Firſt, An alphabeti- 
cal explanation of ſuch Sea terms and phraſes as occur 


in the Work, which will not only be uſeful to ſuch 
= Gentlemen as are deſirous tolook into ſo curicus à Theory, 
though not concern'd with the Sea; but even neceſſary 
to thoſe who undertake the /ludy, with a view to their 
= future practice. Secondly, An Appendix, containing 
the deſcription and uſe of a compleat ſet of Pocket In- 


E fruments, wherein the little Apparatus, ſo neceſſary to 


every young Mathematician, is ſufficiently explain'd; 
and the ſeveral lines laid down upon the Plain Scale, 
Gunter Scale, ard Sector, are conſidered, beth with 
regard to their conſiruction and application, 


Having 
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| Eo 
Having thus laid before the Reader a ſummary. 
account of the Work, I fhall not farther take up his 
time with apologiſing for the performance, I hau, 
dane my beſt endeavour, both in the Tranflation and 
the additional Articles; I therefore ſubmit the whole 
to the candid peruſal of the Publick, well knowing 
_— books of Science can only make their way by their 
Hei. 3 
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DEFINIHIONS. 
45 S ATHEMATICKS are certain 
ö dCciences, by which we learn to 
compare things one with another, 
in regard to their extenſion, or to 
determine whether they are equal, 
| * or in what proportion one thing is 
greater, or leſs than another. 
E 2. Magnitude therefore is that idea ariſing in 
nd av 


our minds, from the compariſon of one thjng with 
another, in regard to extenſion, 


7 2, ?“? 


3. Extenſion is to be conſidered in three diffe- 
rent reſpects,, which we call Dimenſions, viz. 
I. Length. 2. Breadth. 3. Thickneſs, or 
Depth. | | 


: 4.̃. A Solid, or a Body, is a magnitude conſi- 
p dered under all theſe three dimenſions; as if the 
tonnage of a Ship is demanded, the Ship is con- 
fidered as a Sv/id4; and the queſtion requires that 
we examine its length, its breadth, and its depth; 
for the longer, the broader, and the deeper it is, 
the greater will be its tonnage. =» 


8 


5. A Superſicies, or Surface, is a magnitule 
comprehended under but two dimenſions, viz. # + 
length, and breadth ; as when we meaſure a field, 
we take it for a Surface, which the longer, and 
broader it is, the more acres it contains, without 
any regard to the depth, or thickneſs of the 


earth. 


oy 
— 


6. A Line is a magnitude in which we conſi- 
der only length; as when it is aſk'd, how far one I 
place is diſtant from another, we conſider the P 

ö 


ſpace between the two places as a line, which, 8 

the longer it is, the farther diſtant are the places; fa 

but the breadth, or thickneſs of the ſpace, makes S 
no cifference in the diſtance of the places. 5 

7. A Point is that in which we conſider nei- - 

; | 


ther length, breadth, nor thickneſs, as in the} 
foregoing Inſtance, the two places are taken foi 
: two Points; for it is not at all neceſſary to know 

: | the length, breadth, or thickneſs of the two places} Li 


to determine the diſtance between them. g 


2 7 


8. The two extreams of a Line are Points: 
a Line being only a continuation, or ſucceſſion of 
Points. So Lines are the boundaries of a Super- 
ficies, which is nothing but a web of Lines. In 
like manner alſo, Superficies are the boundaries of 
a ſolid Body, which is compoſed of a heap, or 


multitude of Superficies, connected, or laid one 


upon another. 


9. Two Lines, or two Surfaces are ſaid to be 
equal, when the one being laid upon the other, 
perfectly covers it. In like manner, two Solids 
are accounted equal, when one being ſuppoſed to 
penetrate the other, is perfectly contain'd within 
the ſame limits, | 


10. A right Line, is the ſhorteſt diſtance be- 
tween two Points: thus the Line AB 
is a right Line, as, on the contrary, the Fs. 1. 
Lines C D are curve, or crooked. 


I1. A plain Surface is that upon which a right 
Line may be every way applied: Or a 
Plain is a web of right Lines. Thus the Fig. 2. 
Surface ABCD is plain, but the Sur- 


face EFGH curve. The hollow ſide of a curve 


Surface is called concave, the raiſed fide convex. 


12. A Line is perpendicular to ano 
ther, when it has no inclination on ei- Fig. 3. 
ther fide, as A B upon CD, ol 


13: The Line AB is parallel to the | 
Line CD, if all the perpendicular Lines Hg. 4. 
between them are of _ length, 

5 | 4 | 


14. A 
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14. A Circle is a plain, whereof all the extre- 
mities are equally diſtant from one cer- 

Fig. 5. tain point, as ABC, The Circumfe- 
| rence of a Circle, is the curve line 
which incompaſſes it, as ABC. The Center is 
the point E, in the middle. A right line drawn 
from the Center to the Circumference, is call'd a 
Radius, as BE; and if, in the ſame manner, a 
right line be drawn quite croſs the Circle, paſſing 
thro? the Center, it is called a Diameter, as AED: 


laſtly, an Arch is any part of the Circumfe- 


rence, as B C. 


15. A plain Angle, is the diſtance or opening 
of two lines, which touch in one point, 


Fig. 6. not making one line; thus the open- 


ing of the lines BA, BC, makes the 
Angle ABC, | | 


16. An Angle is the greater, the wider the 
lines are apart: But as the length of the lines 
makes no alteration in their diſtance ; ſo it makes 


no difference in the largeneſs, or ſmallneſs of the 


Angle. 


17. The meafure of an Angle, as ABC, is 

| found by deſcribing a Circle round the 

Fig. 7. point B, which Circle being divided 

into 360 equal parts, called Degrees ; 

the number of ſuch parts contained in the Arch 
AC, is the quantity of the Angle in Degrees. 


18. A right Angle is that which is exactly 
LON meaſured by an Arch of go Degrees, or 
F. 8. the ſourth part of the circumference of 
| | | a Circle, 


= 


— 8 F E » o 5 
Sp = x * L pe. * p b 1 f f T7 
e OE ETA GEES 8 
1 8 A 1 88 of ARA N A 1 * bs 
RE in oo ᷣ K DVD 71 6 
D _—— —— wh 


Weis) 


on 
lar 


a 
a Circle, as ABC. An obtuſe Angle is greater 
than a right Angle, as EBC, and an acute Angle 


7 lefs, as E BD. 


19. A reQilinear Angle is form'd by two right 
lines; a curvilinear by two curves; 


and a mix'd Angle by one line right, Fg. 6. 


and one curve. 


20. A Triangle is a plain Surface bounded by 
three lines, as A, B, C. 1. If the three 
lines are equal, the Triangle is equila- Tig. 9. 
teral; 2. If two of them are equal, it 
is an Ifoſceles Triangle; 3. But if the three 
lines are all unequal, the Triangle is call'd a 
Scalenum. | | 


21. A Parallelogram is a plain bounded witlr 
four lines, whereof the oppoſite ones 
are parallel, as ABCD. There are Fig. 10. 
four ſorts of Parallelograms: 1. The | 
true Square, which has all its ſides and angles 
equal. 2. The long Square, which has its 
angles equal, but not its ſides. 3. The Rhom- 
bus, which has its ſides equal, but not its angles. 
4. The Rhomboides, which has neither its ſides, 
nor angles equal. | 8 


22. We call a Truth which we demonſtrate, 2 
Propoſition. Of which there are ſeveral ſorts: 
I. Theorems, which are truths purely ſpeculative. 
2. Problems, wherein ſomething is propoſed to be 


done. 3. Lemmas, which are truths laid down 


only for the demonſtration of others. 4. Corol- 
laries, Which are the conſequences drawn from a: 
Propoſition demonſtrated. | | : 

B 3 23. Axaroms 


[6] 


23. Axioms are plain truths known to all 
the World; ſome of the principal of which are 


as follow : 
1. The whole is greater than one of its parts. 


2. Two things are equal to each other, when 
each one is equal to a third, 


3. If two equal things are equally augmented | 


or diminiſhed, they will remain equal; but if 


they are augmented or diminiſhed unequally, they 


will become unequal. 


N. B. The Propoſitions are numbered as they 
fland in Euclid, 


PROPOSITION I. 


To make an equilateral Triangle upon the 
Line AB. From the point A with 

Fig. 11. the Compaſſes open'd to the extent 
AB, deſcribe the Arch BC; and 

from the point B, with the fame extent, deſcribe 
the arch AC, which ſhall cut the arch BC, in 
the point C; then drawing the lines A C, and 
BC, each of them ſhall be equal to the line 


AB, (by Def. 14.) and to one another (by 
Ax. 2.) conſequently the Triangle A BC, will [ 


be equilateral, (according to Def. 20.) 


PRO POSITION IV. 


If the line AB of one Triangle, be equal to 
| the line ED of another Triangle, and | 
Fig. 12, alſo the line AC equal to the line 

EF. If, farther, the angle A of the 


one, 
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X - og 
one, be equal to the angle E of the other, the 
two Triangles are equal in every reſpect, | 

Demonſtration. It the line E D, of the Tri- 
angle EDF, be laid upon the line AB, of the 
Triangle ABC, it will perfectly cover it, 
(by Def. 9.) and the line EF will fall upon the 
line AC; ſince then the angles A and E are 
equal, they will likewiſe exactly cover each other; 


, ſo that the point F, will be found upon the point 


C, in the ſame manner as the point D, upon the 


point B; conſequently the line D F, muſt alſo 


cover the line BC, and the whole Triangle 
E D F, exactly cover the Triangle AB C. There- 


fore it is equal in every reſpect, (by Def. 9.) 


P Wes 8 # 


If the lines A B, AC, of the Triangle A BC, 
are equal, the angles B and C ſhall be | 
alſo equal. Make another Triangle Fig. 13. 
DEF, exactly equal to the Triangle 
ABC, ſo that the angle A, may be equal to the 
Angle D, and the lines A B, and AC, equal to 
the lines DE, DF. 

Demonſir. If the angle D, be fo laid upon the 


1 * A, that the line DE falls upon the line 
1A 


„ the Triangle DE F will perfectly cover the 
Triangle ABC, and the angle E will be found 
equal to the angle B; but if the line D E be 
laid upon the line A C, then will the angle E 
be found equal to the angle C; the angles there- 


© fore B and C being each of them equal to the 
angle E, are conſequently equal to one another, 


(by Ax. 2.) 


B 4 DA OP. 


| PRO P. VI. 
A che angles B, and C, of the Triangle AB | 


are equal; the lines AB, A C are alſo fee 
Fig. 13. equal. Suppoſe, as before, DEF, 8 

equal in every reſpect to A B C. ite 
Diemonſtration. If the Triangle DEF, be co 
transferr'd upon the Triangle A B C, by laying be 
E F, upon B C, the one will perfectly cover the 
other; and if the point E, falls upon the point B, 
the line D E, will alſo be found equal to the line 
AB; but if the point E, be laid upon the point 
C, then will the line D E, be found equal to the M 
line A C, and conſequently the lines A B, AC, 
being each equal to the line D E, muſt alſo (by 
Ax. 2.) be equal one to the other. vi 


PR OP. VIII. 


If the lines AB, BC, of the Triangle AB C, 
are equal to the lines D E, E F, of the 

Fig. 14. triangle DEF; it is evident that the 
Baſe A C, cannot be equal to the Baſe # 

DF, unleſs the angle B, be equal to the angle E: 
conſequently (by Prop. 4.) the three lines of the 
triangle AB G, cannot be equal to the three 
lines of the triangle D E F, without the two tri- } 
angles are equal in every reſpect. | 


PROP. IX. 


To divide an Angle, as BAC into two equal 
| parts: Making the point A, a center, | 
Vis, 18. deſcribe the Arch B C, and upon the 
| line B C, (by Prop. 1.) make an equi- Þ 
Ra N lateral 
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; LS: | 
lateral triangle B DC, ſo ſhall the line AD, 
dravyn from the angular point to the oppoſite in- 
Z terſection, divide the angle B A C into two equal 
parts; that is to ſay the angle B A D, ſhall be 
lo equal to the angle CA D. | 
* Demonſtration. The triangle AB D, has all 
Fits ſides equal to the ſides of the triangle ACD; 


be conſequently (by Prop. 4.) the angle BAD, muſt. 
ing be equal to the angle C A D. oY 

the | | | 

line | | | ; 
Mint To divide the line AB, into two equal parts: 


the Make upon it (by Prop. 1.) the equi- 
C, Wateral triangles BD A, BCA, then Fig. 16. 
(by draw the line C D, which ſhall fo di- | 
ide the line AB in the point E, that the parts 
E B, and E A, ſhall be equal. | 
¶Demonſirat. The triangles ADE, BD E 
Have the fide D E common, and the fide B D is 
3 C, qual to the ſide A D, (by Def. 14.) and farther, 
the the angle A D E, is equal to the angle B DE, 
t the Aby Prop. 9.) Therefore is the triangle A DE, 
Baſe qual in every reſpect to the triangle BD E, (by 
e E: 14 4.) and the baſe AE, equal to the baſe 


0 tri- . PRO P. XI. 


To raiſe from the Point A, a line perpendicu- 
ar to the line BC: Make A B, AC 
qual, and from the points B and C, as Fig. 17. 
equal enters, with the ſame opening of the | 
nter, $-ompaſles deicribe two arches cutting each other 
1 the in the point D, and the line D A ſhall be a per- 
equi- Pendicular ; that is to ſay, the angles D A B, 
ateral 3 8 DAG: 
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DAC, ſhall be equal (by Prop. 8.) becauſe all 


the ſides of the triangle D AB, will be equal to 
all the ſides of the triangle DA TW. 


PIO. AU, 


To let fall a Perpendicular upon a line BC, 
| from a point given without it A. On 
Fig. 18. the point A deſcribe an arch, which 
| ſhall cut the line in the points B, and C, 


then making the equilateral triangle BE C, (by f 
Prop. 1.) the line A E ſhall be perpendicular to 


the line B C. 


Demonſtrat. Since the triangles A BD, and 
AC D, have the fide AD common, and AB 

equal to A C, and the angle BA D being alſo 
equal to the angle C A D, (by Prop. .) they are 
equal in every reſpect, (by Prop. 4.) and the angle 
D equal on each fide; therefore is the line AD, 


perpendicular to the line B C, (by Def. 12.) 
PRO. XIII. 


The line D C falling upon the line AB, makes 
two angles viz. DCA, D CB, equal 

Fig. 19. to two right ones: for if from the center 
C a circle be deſcribed, the ſemicircle 


ADB will exactly meaſure them, (by Def. 18.) 


Por ATV. 


If the two angles (in the foregoing Figure) viz, | 
DCA, D CB, are equal to two right ones, the 
two lines AC, B C, muſt conſequently make but 
one line, which ſhall be the diameter of the circle 
ADB, | | 1 

| " PRO . 


all 


1 


a P R O P. | XY. | 
When two lines, as A B, CD, cut each other 


as in the point E, they form four an- 


gles, of which the oppoſite ones are Fig. 20. 
equal, as BED, CEA, becauſe either | 


of them contain what is wanting in the angle 
B E C, to make two right ones, (by Prop. 13.) 


COROLEART. 
If the line E F, cuts the parallels A B, C D, the 


a angle EH B, ſhall be equal to the an- 


gles CG F; becauſe the two parallels ig. 21. 
may be taken for one line, and then the 

two angles are oppoſite, as before, (by the pre- 
ceding.) Farther, becauſe the angle AH G is 
equal to the angle E H B, as the angle H GD to 
the angle CG F, being oppoſite; therefore the 
four angles EH B, AHG, HGD, C GF, ſhall 
all be equal, the angles C GF, E HB, are called 
outward alternates; the angles AHG, H GD 
inward alternates; the angles E HB, H GD al- 
ternatively oppoſed. Theſe three ſorts of angles 
are then equal, when the two lines thus croſs'd by 
a third are parallel : and when they are equal, the 
two lines thus crofs'd by a third are parallels, 


PR OP. XVI. and XXXII. 
If any fide, as B C, of the triangle A B C, be 


produced, or drawn out, it will make 
the exterior angle A C F, equal to both Fig. 22. 


3 the interior and oppoſite angle A, B, 


B 6 Demons 


| „ ' 6&0 
Diemonſtration. Thro' the point C, let the line 
CD be drawn, parallel to the line AB; which 


will divide the outward angle into two parts, of 


which the firſt, viz. A CD, will be equal to the 
angle A, and the ſecond, viz D CF, equal to 
the angle B, (by the preceding.) 


COROLLARIES. 


I. The three angles of a Triangle are equal but. 


to two right angles : for the outward angle A C F 


with the adjoining angle AC B, are equal but 


to two right ones, (by Prop. 13.) therefore the 
angles A, B, with the ſame angles A C B, can be 
but equal to two right angles. | 


2. When therefore a triangle has one angle right, 


or obtuſe, both the other angles muſt be acute. 


3. If two angles of one triangle are equal to | 


two angles of another triangle, their third angles 
are alſo equal. 


PRO P. XVIII. 


If the ſide A B of the triangle A B C is ſhorter | 
than the ſide A C, the angle C, oppo- | 
Fig. 23. ſite to the ſide A B, ſhall be leſs than | 


the angle B, oppoſite to the fide AC. 
Take A,D, equal to the ſide A B, and draw BD. 


Demonſtratiun. The ſides AB, A D, of the | 


triangle A B D, being equal, the angles A B D, 


A D B, ſhall be equal, (by Prop. 5.) but the angle r 


A DB, being an outward angle, is greater than 


the angle C. (by the preceding) therefore the angle 
A BD will be greater than the angle C, and con- # 
ſequently the angle A B C will be ſo much greater | 


than the angle C. 


PROP. | 


[33] 
P R O P. XIX. 


If the angle B, is greater than the 
angle C, the ſide A C, ſhall be greater Fig. 23. 
han the ſide A B. | 


han the ſide A B, either it would be equal, and 


Drop. 5.) or it would be Jeſs, and the angle C 
ould be greater than the ang'e B, (by the pre- 


ſuppoſition. 
PROF. XX, XXL 


The two ſides A C, CB, of a triangle, taken 
ogether, are longer than the third A B, 

hich being a right line, is the ſhorteſt Fig. 24. 

Wiſtance from the point A, to the point 

B. In the ſame manner the lines AD, D B, are 

onger than the lines AC, CB, becauſe they are 

further diſtant from the right line. 


PRO P. XXII. 


D, E F: Firſt Jay down a right line | 
qual in extent to the line A B, then Fig. 25. 
bpen the compaſſes to the extent CD, 
nd with one Foot in the point B, deſcribe an 
arch; then taking the extent E F, between your 
Fompaſles, with one foot in A, make another arch 
to cut the former in the point G; fo ſhall the tri- 
angle AG B, (by Def. 14.) be compoſed of the 
ine AB, and the lines A G, B G, equal to the 
Piven lines A B, C D and E F. 


Demonſtrat. If the ſide A C, was not greater 


he angle B, would be equal to the angle C, . 


eding) both of which will be contrary to the 


To make a triangle of three given lines AB, 


. 
_ 


[24 ] 
il 


PRO. XXIII. : ; = 


To make on the point A, of the line A B, an DE. 
angle equal to the angle DE F: From 7 berf 
Fig. 26. the point E, as a center, deſcribe an 
arch DF, and from the point A, with # 
the ſame extent of the compaſſes, deſcribe ther ? 
arch BG; then opening the compaſſes to the J 
diſtance D F „from the point B, as a center, make the 
an arch cutting the arch B G, in the point H, and nt 
the angle B A H, ſhall be equal to the angle qu⸗ 
DEF; the two Triangles _ (by Prop. 8 : 
equal in every reſpect. the! 


PRO. XXIV. 


If the ſides D E, and D F, of one triangle, are II 
of the ſame length with the ſides C A Wand 

Fig. 27. and AB, of another ; ; when thoſe ſides} 
are farther diſtant than theſe, that is, | 

if the angle D, is greater than the angle A, the 
baſeE F, will alſo be Je” than the baſe BC, 1 
which is ſelf-evident. - 3 


PROP. XXV. 


If the ſide A B, of the triangle A B D, is equal 
to the nde CF, of the triangle C E F; 
Fig. 28. if alſo the angle A, be equal to the 
| angle C, and the angle B to the angle 
F, the two triangles ſhall be equal in every 
reſpect. 8 
Demonſtration. If the triangle CE F, be laid If 
upon the triangle AB D, in ſuch manner that para 
the fide CF, falls W upon the lide A B, then angl. 
will hal 


BLY 
pill the angle C agree with the angle A, and the 
angle F with the angle B; conſequently the line 
| E, will fall upon the line A D, and the line 
FE, on the line BD, and the triangle CF E, 
þ Perſectia cover the triangle AB D. 


PROF. 


the ; To draw thro' the point C, a line parallel to 
the line AB: Draw the line C D, and 

2 Pn the point C, make the angle DC E, Fig. 29. 
A Ful to the angle C D A, (by 

Prob. 23.) and the line EC, mall be parallel to 
he line A B, (by Cor. to Prop. 1. 


PR OP. XXIII. 


If the lines A B, D C, are equal, | 
and parallel; the lines AD, B C, thall Fig. 30. 
be alſo equal, and parallel: Draw A C. 
Demonſtrat. The Triangles ABC, ADC, 
Fare equal in every reſpect, (by Prop. 4) becauſe 
the fide A C, is common to both, and the ſide 
A B, of the one, is ſuppoſed equal to the ſide 
IC D of the other ; and farther, the alternate in- 
ward angles BAC, DCA, are equal, (by 
Cor. to Prop. 15.) Therefore the baſe B C, muſt 
qual be equal to the baſe AD; and the angle AC B, 
F; equal to the angle CA D; and conſequently B 22 
the will be parallel to AD. 
ngle# 
Very PR OP. XXXIV. 
; | 


laid If A Bis parallel to DC, and AD 


that parallel to B C, the oppoſite ſides, and Fig. 30. 


hen angles of the parallelogram AB CD, 
will | nal be equal, Demon- 


—— — 
— 2 
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Demonſtration. The triangles ABC, ADC, | 
having the baſe AC common, and the inward | 


alternate angles BAC, DCA, CAD, ACB,.! 


equal, muſt be equal in every reſpect, 68 Prop. 
25.) therefore A B, is equal to DC; BC, equal 
to AD; and the angle B, equal to the angle D. 


P R o P. XXXV. 


If the Parallelograms AB CD, EF C P, have 


the ſame Baſe C D, and are between 
Fig. 31. the fame parallels CD, A F, they 
| ſhall themſelves be equal. 


Demonſt. All the ſides of the triangle ACE, 
BDF „ (by | 


being equal to the ſides of the triangle 
the preceding) the two triangles are equal, (by 


As. 8.) Therefore if from each, the triangle 
B G 


E, which is common to both, be taken away, 
the ſpace 1, which remains of the firſt, will be 


equal to the ſpace 2, the remainder of the ſecond ; Wi 


and conſequently the ſpace 1, with the triangle 


CDG, or the parallelogram ABCD, will be 


equal to the ſpace 2, with the fame triangle 


CDG, or to the parallelogram EF CD. 


PR OT. XXXVI. 


If the parallelograms AB CD, EFG H, which 
aare between the ſame parallels A G, 
Fig. 32. BH, have their baſes B C, E G, equal; 


they will each of them be equal to the 


parallelogram BC GE, (by the preceeding) and | 


conſequently one to another. 


PR Oy. 


1 


* PRO r. XXXVIL 
rod. I the triangles A B C, C EG, are between the 


me Parallels BF, AG; and the baſe 
C of the one, equal to the baſe CG Fig. 33. 
f the other, they are equal ; becauſe 


1d the other is the half of the parallelogram 
E FG, (by Prop. 34.) which is equal to the 
arallelogram A BD C, (by the preceding.) 


Px 0 F. -ALE 


E, 

(by If the Triangle ABE, has the ſame Baſe A B 
(by the parallelogram AB D C, and 

ngle Hands between the ſame parallels A B, Fig. 34. 
vay, E, it ſhall be the half of the paral- | 
| be Hlog,am ABCD; in the ſame manner as the 
nd ; Wiangle ABC, which (by the preceding,) is 
ngle Wual to it. 3 

| be | | 

nglc PR Or. XLVII. 


Ik the angle A of the triangle AFC is right, 


e ſquare of the fide FC, which is 

polite to it, ſhall be equal to the Hg. 35. 
uare of the fide A C, and the ſquare 

the fide A F. 9 | 

Suppoſe the three ſquares to be each made 
Won its proper ſide; the lines CA, G A, will 
Wen become one line, as will alſo the lines F A, 
A, (by Prep. 14.) draw FD, and AB. I fay, 
at the line A E, being drawn parallel to the 
e B C, ſhall divide the ſquare F B, into two 
tangular parallelograms; of which the one 


CE, 


e one is the half of the parallelogram AB DC, 


: p ̃²—9ö . ¾⁵—0 4 3 


2-20 J | 
C E, ſhall be equal to the ſquare of the ſide AC; 
and the other FE, equal to the ſquare of them 
tide A F. | | 
Doemonſt. the triangle FCD, having the 
ſame baſe C D, as the ſquare D A, and being be-| 
tween the ſame parallels FA, C D, will be juſt 
equal to its half, (by Prop. 41.) in the fame man- 
ner the triangle AB C, will be half the rectangle 
CE. but the triangle F CD, is equal to the 
triangle ABC, (by Prep. 4.) becauſe the ſide 
CB is equal to the fide C F, the fide C A, to the 
ſide C D, and the angles A CB, FC D, are alſo, 
equal, being each compoſed of one right, and the 4 
angle FCA. Therefore the half of the ſquare} 


A D, is equal to the half of the rectangle C E, 2. 

and conſequently the whole ſquare A D, will bej 

equal to the whole rectangle C E. Hains 
In the ſame manner it may be ſhewn, that thee n 


ſquare F G, is equal to the rectangle F E. 


BOO 


del, DEFINITIONS. 


alſo A Rectangle, is a Parallelogram, which has 
all its Angles right. © 


© E, 2. The Value, or Content of a Rectangle, is 
bene number of ſquares which it con- 

Mains: Therefore to find the content, Fig. 1. 
t there multiply the length by the breadth, 


3. A Rectangle is faid to be contain'd under 
o lines, one of which expreſſes its 
ength, the other its breadth, Thus Pig. 1. 
he rectangle D, is contain'd under the 
5 ines AC, BC. ; 
4. The Diameter or Diagonal of a 
I 8 is a line drawn from one Zig. 2. 
4 another which is oppoſite, 


PR o p. I. and II. 


If the ſide A B, of a rectangle 

ABC H, be divided into a certain Fig. 3. 
number of parts, as ſuppoſe three, and 

upon each part be form'd a rectangle 9 the 
: ame 


[ 20 ] | 
fame height A C, with the rectangle AB CH: 
the three rectangles ſo made, will be equal to the 
rectangle AB CH. For of theſe rectangles A F, 
DG, EH, is compoſed the rectangle A B C H. 


PR G x; III. 


If the line A B, be divided in the point C, and Þ 

. the perpendicular A D, be equal to one 
Fig. 4. of thoſe parts, as A C; the rectangle 
ABF D, will be equal to the ſquare] 

of the part AC, to wit, AD E C; and the 
rectangle CE F B, which has the part AC for If 
its breadth, and the other part C B for its length. 


L E M M A. ane 
Bo l! 


If thro? the point I, of the diameter of a ſquare 2: 
D B, be drawn two lines parallel to the e li 
Fig. 5. ſides BA, DA; there will be form'd E, 

four rectangles, of which the two that Peref 
are croſs'd with the diagonal will be ſquares, to toe 
wit, G, and H. | ie \ 

Demonſt. All the angles of the Parallelogram ure 
G, are right, (by 34. 1.) farther all its ſides are the 
equal; for in the right angled, and iſoſceles tri- lit 
angle DB A, the equal angles B, and D, being 
(by 5. 1.) equal but to one right, are each of them 

half right angles. So in the right angled triangle If + 
BIC, the angles I and B, being equal but to one i 


right, the angle I, will be half a right angle, as R 
the angle B; and conſequently the ſides B C, Cl,” 2 


will be equal (by 5. I.) as alſo their oppoſites 
M, MB; and the rectangle G, will be a ſquare, gth 


1 
| | 
1 | TR © F; 


2 
" 1 wal 
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H: | PR OP. IV. 


F, If che line A B, be divided in the point C, the 
» Whole ſquare of the line AB, will be 

qual to the ſquare of the part A C, and Fig. 5. 
he ſquare of the part B C, and two 
ectangles whoſe baſe ſhall be AC, and height 
WBC; that is to ſay, the ſquares G, and H, and the 


_ ectangles L, K, (by Lemma preceding.) 
igle 
uare PRO P. V. 

the | 

for If the line AB, is divided equally in the point 


-, and uncqually in the point D, the 

ectangle of the unequal parts AD, Fig. 6, 
DB, with the ſquare of the line C D, 

ill be equal to the ſquare of the part CB. 
ee The line DG, or AH, is equal to 
the he line D B, (by Lemma preceding) and the line 
med E, is equal to the line C A, by the ſuppoſition; = 
thatWerefore the rectangles D E, C H, are equal; and b 
, to to each be added the rectangle DF, then will 
ie whole ſquare CE, be equal to the whole 
gure K DA, which is compoſed of the rectangle 


— ee — — whe ” "> 
p I 2 2s 5 


= - 
Hom the unequal parts D H, and of the ſquare of | | 
tri· Ne line C D, or F. K. | 1 
eng | i 
them Proe. VI. i 


If the line A B, be divided equally in the point 
, and to it be annex'd the line BD; 


ef quare of the line CD, will be Zig. 7. 
tos ual to the rectangle K A, whoſe 
uare gth is the whole line AD, and breadth the an- 


xd part B D, with the ſquare H G, whoſe fide 
the line C B. : 
Demonſt, 


- * — aries — —ä4ö⁴7 ——U——ͤ m 8 5 
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to the ſquare CE. 


rectangle F E. 


221 
Demonſt. The line B D, or H K, is equal 
the line F A, (by Lemma preceding) and the lif} 
A C, or CB, is equal to the line HI ; therefo Q 
the rectangle K I, is equal to the rectangle CH 
adding then to both, the figure G CD K HI, . 
rectangle K A, with the ſquare G H, will be equi} 


P R Op. XI. 


If a ſquare be form'd upon the line A B, a 
10 one of its ſides, as A C, be equally « 
10 Fig. 8. vided in the point D: If, farther, . 
WA 8 line DG, be drawn equal to the li 
B D; the ſquare A GH F, ſhall be equal to 


V 


id} Demonſt. Since the line A C, is equally diner is 
WA | ded in the point D, and is lengthened by the l. touch 


A G, the rectangle C H, with the ſquare of teren 


W 
IF 


line AD, will be equal to the ſquare of the li 
DG or DB, (by the preceding :) But the ſqu 
AE, with the ſquare of the line A D, is alſo eqieut © 
to the ſquare of the line D B, (by 47. I.) Theif boun 
fore the ſquare A E, is equal to the rectangle C 
taking then away from both the rectangle C 
the rectangle FE, will be equal to the ſqui 


2. 
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DEFINITIONS: 


KW. HEN one line meets another without 
cutting it, we ſay it touches, - 

differ is a Tangent : Thus the line AB Hg. 1. 

touches, or is a Tangent to the circum- | 


e li 
of tj{crence of the circle C. 


he li : 
"i 2. The Segment of a circle is a part 


> eqieut off with a cord line: or it is a hgure Fig. 2. 
Therfbounded by a right line, and an arch of | 
CHa circle; as AB 


* 
ſqus 


A Sector is a part of a 0 
bounded by two radii, or ſemidiame- Fig. 3. 
ters, and the included arch; as ABC. 


4. An angle is ſaid to be in a ſegment, when 
the right line of the ſegment is taken 
for the baſe, and the angular point Fig. 4. 
touches the arch: Thus the angle 
ABC, is laid to be in the ſegment A BC. 


PROP. | 
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PROP". I. | ty 


he If Foun the middle of the Shu B 0 fo 


Fig. 5. be raiv'd the perpendicular A F, it ſh 


| paſs thro? the center of*the circle FB 
Demonſt. If any Point E, not in the line A 
be the center of the circle FBC, the triang| ſay 
BEA, CEA, will be equal in every reſpec th 
{by 8. 1.) then would the line E A, be perpendicy ” 
lar to B C, and not F A, as was ſuppoſed.. A 
PRO P. I. 105 
| If from the center D, of a circle wh 
Eig. 6. D B be drawn perpendicular-upon A C (bz 
tit ſhall divide the line AC into tw 
equal parts B A, BC. | 
Demonſ?. In the triangles ABD, CBD, whic | 
are rectangled at the point B, the angles C, and A the 
being equal, (by 5. 1.) their complements B D A ton 
BDC, will be ' alio equal; and becauſe B D . 
common to both triangles, and the ſide D its 
equal to the fide D C, the two triangles ſhall bi circ 
equal in every reſpect, (by 4. 1.) and the baſe righ 
BA, BC equal, _—_ 
| A 18. 
PRO. VII. 
If from the point A, in a circle, of which it i 
not the center, ſeveral lines be draw It 


Hg. 7. to the circumference ; the line A BY A C 
- which paſſes thro' the center C, ſhalW mea 
be longer than any other as A D, &c. from 


Demon} = the p 


whereas AE, with 


© the point E, (by 1. 3.) 


1. 

Demonſtrat. The line AC B is equal to the 
two ſides A C, C D, of the triangle ACD; there- 
fore it is longer than the fide A D, (by 20. 1.) 

Again, AD ſhall be longer than AE, which 
is farther diſtant from the center. 


Demonſt. The lines AC, CD, being of the 
ſame length as the lines AC, CE, and making 
the angle A CD greater than the angle A CE, 
will alſo make the baſe A D greater than the baſe 
AE, (by 24. I.) EE”. 

Laſtly, A F, which makes one line with A C B, 
ſhall he leſs than any other, as AE, &c. 

Demmft. FA, with A C, are equal but to CE; 

AC, are longer than C E, 
(by 20. 1.) : | 


PrRoP XVI. 


If the line BC is perpendicular upon 

the end of the diameter AB, it will Frg. 8. 

touch, or be a tangent to the circle, = 
Demon/t. If it were to cut the circle, ſome of 

its points, as C, would enter, or be within the 

circle; and the line AC, being oppoſite to the 

right angle B, would be leſs than the line AB, 


which is oppolite to an acute angie C; which (by 
18, I.) cannot be. 


LEMMA I. 


If theline AB touch the circle, and the line 
AC cuts it; the angle BAC ſhall be 
meaſured by half the arch AC. Draw Fig. 9. 
from the center D, the line DE, perpen- 
dicular to CA; fo that it may equally divide the 
line A C, in the point G, and the arch AC, in 


Dew on/? I 


; * 26 ] 4 
Demonſt. The angle ADG, with the an 
DAG, are equal but to one right, (by 16. 1.) and 
the angle BAC, with the ſame angle DA G, will 
be equal but to one right, (by 16. 1.) thereſore the 
angle B AC, is equal to the angle A D G, which 
is meaſured by E A, half the arch A C. 
The angle C AF, ſhall be alſo meaſured by half 
the arch CHA; becauſe (by 16. I.) the conſe- 
quent angles B A Ls SA F, are meaſured by hal 


the whole circle. 


LEMMA II. * 

: ; 4 

The angle ABC, whoſe point touches the con- | 15 
Cave circumference of the circle, is mea- t 


Tig. 10. ſured by half the arch A C, upon which 
it reſts. Draw the tangent DBF. . 

Demonſtrat. The three angles DB A, AB C, 
CBF, are meaſured by half the circle, (by 13. 1.) 


3s 4 72 
ag 1 


the angle DB A is meaſured by half the arch Ba, 
and the angle CBF by half the arch CB, 0% 5 
Lemma preceding) therefore the angle A B C Wal po 


be meaſured by half the remainder. AC. 10 
ä pe! 
PRO. XX. 15 the 


The angle A CB, a the center, is double the _ 
angle A D B, at the circumference of a 


Fig. 11. circle; F ſince (by Lemma preceding) the 
| latter is meaſured by the half of the arch 


AB, the whole of which arch is the content or meæa- 7 
ſure of the former, | 


PRO. 


or 


[27] 


| PROD AXEL 


All ſuch angles of the circumference as reſt upon 
the ſame arch are equal; each having for its mca- 
ſure (by Lemma preceding) half the arch upon 
which 1t reſts, 8 


P., 


If the four angles of the quadrilateral figure 
AB CD, fall into the circumference of | 
a circle, the oppoſite angles AC, or Fig. 12. 
B D, are equal to two right; becauſe 
the angle A is meaſured by half the arch B C D, 
and the angle C, by half the arch B A D. 


FROP KV 


To find the center of a circle whoſe circumfe- 
rence ſhall paſs through three given a 
points, A, C, E. Biſect the Lines AC, Fig. 13. 
CE, in the points B, D, and draw the | 
perpendiculars BG, DF, and the point H, where 
they cut each other, ſhall be the center of the circle; 
ſince (by 1. 3.) both the lines BG, and DF, 
mult paſs through the center, 


Px 03 EXT 


If an angle at the circumference A BC reſts 
upon the ſemicircle AC, it is a right 


angle; but the angle BD C, which ig. 14. 


reſts upon the arch B A C, greater than 


a ſemicircle, is an obtuſe angle ; and the angle 5 


C 2 CAB, 
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[ 28 ] 


CAB, reſting upon the arch BDC, leſs than a 


ſemicircle, is an acute angle ; all which is evident 
from Lemma 2. preceding. 


Paoz. XXX 


If you draw the tangent BAC, nnd the line 

AD, to cut the circle in the point of 

Fig. 15. contact, the angle C A D ſhall be equal 

to the angles of the alternate ſegment 

AF D, becauſe (by Lemma 2.) both are meaſured 

by half the arch AD. In the ſame manner the 

angle BAD ſhall be equal to all the angles of 
the ſegment AED. 


PR O P. XXXIII. 


To deſcribe upon the line AB an arch whoſe 
half ſhall be the meaſure of the angle 


Fig. 16. C. Make the angle BAD equal to |! 
the angle C, (by 23. 1.) then having 


drawn AF, perpendicular to A D, make the angle 


ABE equal to the angle BAF, and the line | 
BE ſhall cut the line A F, in the point G, which | 


ſhall be the center of a circle, of which the equal 
lines GA, GB, ſhall be radii, (by 6. 1.) the line 
AD a'tangent, (by 16. 3.) and half the arch A B 


ſhall be the meaſure of the angle BA D, or the 


angle C, (by Lemma 2.) 


PX0 mmm . 


To cut off ſuch an arch AC, of a 
Fig. 17. circle, as that its half ſhall be the juſt 


meaſure of a Oo angle D, or, in other 
Words, 


B. 


1 4 A 
ent I 


Book, | 


[ 29 ] 
words, a circle being given, to cut from it a ſeg- 
ment capable of a certain angle. Draw the tan- 


gent A B, and make the angle BA C, equal to the 
angle D. | 


PRO. XXXV, XXXVI 
Shall ſerve as Corollaries to the 16th of the 6th 
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DEFINITIONS. 3» 


1. Rectilinear figure is ſaid to be inſcribed in eq 
a circle; or a circle is deſcribed about a 
rectilinear figure, when all the angles of 

Fig. 1. the one fall into the circumference of 
the other. Thus the . ABC is 
inſcribed in the circle AB CD. Jang 


2. A rectilinear figure is deſcribed about a circle; cor 

or a circle is inſcribed within a rectili- 

Fig. 2. near figure, when all the ſides of the one 

touch the circumference of the other. 

Thus the triangle ABC is ; deſcribed about the | 
circle DEF. 


IKE COAT 


SHA a Ee KEE ASAP az ren hy nnn. Ing Ty 


3. Aline is s inſcribed in a circle, when both its 
extremes touch the circumference. Thus 


Fig. 3. the line AB. is. inſcribed in the circle 
: A 


| Ztriar 


P ROP. 


To inſcribe in a circle AE BD a and 
Fig. 4. line BC, not exceeding its diameter ; | drav 
take between the feet of your compaſſes | thro 


the n of the line B C, and ſetting one foot in In a 
one 


3 FR 

3 one of the extremities of the diameter, deſcribe a 
circle cutting the circle AE B D in D, and E; 
Jy) then draw the line BD, or BE, which will be 


3 228 to BC, (by Def. 14. 1.) 
1 PNS, 


Z To inſcribe in a circle a triangle EG H, equi- 
angular to another triangle ABC. 

Draw the tangent FD, and at the point Fig. 5. 
Jof contact E make the angle DE H 

d in equal to the angle B, and the angle FEG equal 
it a Mto the angle C, (by 2 then draw the line 
6, and the triangle E GH will be equiangular 
to the triangle ABC. 

Z Demon/t, The angle DE H is equal to 3 | 
s | angle EG H of the alternate ſegment, (by 8.39 

but the angle DE H is equal to the angle and 
cle; conſequently the angles B and G are e ual, (by 
. g Ax. 2.) by the ſame reaſon the angles and H 
one : gare alſo equal; then (oy Cor. 2. of 16. or 32. of 1.) 
her, the angles A and G EH will be equal: there- 
the . ore the triangles EGH and ABC are equi- 


angular. 


| 
its PRO p. III. 
hus | 
cle To deſcribe a triangle LMN, bout a circle 


HK, equiangular to another triangle 
ABC. Produce one ſide of the given Fig. 6. 
; triangle, as BC, to D, and F; then 


: making the angle GIH equal to the angle A B D 8 


D a] and the angle HIK equal to the angle ACF, 
ter; draw the tangents LG M, LKN, and NH M, 
\fles through the points G, K, H, and they {hall concur 
tin Jin angles equal to the angles given. 


one - 4 . Demonſt. 


- 27 26} 2 

Demonſtrat. All the angles of the quadrilate- 
ral GIH M are equal to four right angles, be- 
cauſe it may be divided into two triangles. The 


angles IGM and IH M, which are made by the 


tangents, are right angles; therefore the angles 


angle M, will be equal to the angle ABC. By 
the ſame reaſon the angles N and AC B are 
equal; and therefore the triangles LMN and 
ABC are equiangular (by Corol. 2. of 16. or 


. 1.) 
PRO. IV. 


To inſcribe a circle EF G, in a triangle ABC. 
Biſect the angles B, and C, (by the 9. 1.) 

Fig. 7. drawing the lines BD, and C D, which 
| will concur in the point D; from which 
point D draw the perpendiculars DE, DF, and 
DG, which will be equal, (by Def. 14. 1.) fo 


that a circle deſcribed from the center D, at the 


diſtance D E, will paſs through F and G. 


Demor/irat. The triangles DEB and DF B ; 
have the angles E and F equal, being both right; 


the angles D B E and DBF are alſo equal, and 
the ſide D B common: therefore the triangles will 


be equal in all reſpects, (by 25. 1.) and the ſides : 


DE and DF equal. In the ſame manner may 
the ſides DF and DG be proved equal. A 
circle may then be drawn, which ſhall paſs through 
the points E, F, G; and becauſe the angles E, F, 
and G, are right angles, the ſides AB, A C, and 
BC, will touch the circle, which will conſequent- 
ly be inſcribed in the triangle. 


PROP, 
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4 P, 
M and I are equal to two right angles, as are alſo 
the angles ABC, and ABD: but the angle 
GI, is equal to the angle ABD : therefore the 
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PAO Tr. V. 


To deſcribe a circle about a triangle, See 


Prop. 25. 3. 


PROP. VI. VII. 


To inſcribe a ſquare in a circle A CBD, or to 
deſcribe a ſquare about the ſaid circle. | 


IF _—_— drawn the two diameters AB Fig. 8. 
and 
cularly at the center E; for the inſcribed ſquare, 


D, cutting each other perpendi- 


draw the lines AC, CB, BD, DA, and it is 
done: and for the circumſcribed ſquare, it is made 
by drawing the tangents FG, G H, HI, and IF, 
all which is evident. | | 


PRO. VIII. 


To inſcribe a circle in a ſquare. Bi- | 
ſect the ſeveral ſides, and the point E, v. Fig. 8. 
where the lines concur, will be the | 


Center. 


FOr, 


To deſcribe a circle about a ſquare. 


ü Draw the diagonals A B and CD, and v. Fig. 8. 
the point E, where they cut each other, 
will be the center. 
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PR O r. K. 


To deſcribe an iſoſceles triangle A B D, hav- 
ing the baſe angles B and D, each joi 

Fig. 9. double to the angle A. Divide the J 
2 line AB, (by 11. 2.) fo that the ſquare? 
of AC may be equal to the rectangle under A B 
and B C; and from the center A, at the diſtance? 
A B, deſcribe the arch B D, in which draw B D, 
equal to AC; then drawing the line D C, de- 3 
ſcribe a circle about the triangle A CD, (by! 3 


Prop. 5.) 


Demonſtration. "I the ſquare of A C, or: 4 
B D, is equal to the rectangle of A B and B C5 
and the line B D touches the circle A C D, at the. 
point D; therefore the angle B D C will be equal“ 
to the angle A, comprehended in the alternate 
ſegment CAD; (by 32 3.) Now the angle 
BCD, being an external angle in reſpect of the ; 
triangle A C D, is equal to "the angles A, and, 
CDA; therefore the angle BCD is e ual to 
the angle BD A. Farther, the angle ADB is, 
equal to the angle A B D, (by 5. 1.) therefore 
DCB and DBC ae equal, and (by 6. 1.) theſs 
ſides BD and DC will be equal; and ſince B DR 


is equal to A C, the ſides A C, and CD will bel 

equal, (by Ax. 2.) and fo likewiſe the angles Al 
and CD A; therefore the angle AD B, is double} 
the angle A. 5 


PROP, XI. 


To inſcribe a regular Pentagon in . 
Fig. 10. circle. Deſcribe (by the preceding) a! 


iſoſceles A B C, having each of its be I 
NE 


3 | 1331 
angles B, and C, double the angle A. Then (by 
Prop. 2.) inſcribe within the circle the triangle 
DE F, equiangular to AB C; next divide the 
angles DEF, and D F E, each into two equal 
hav- parts, and draw the lines EG, and F H; laſtly» 
each join the lines DH, D G, GF, E H, and you 
the will have deſcribed a regular Pentagon, that is to 
juare ſay, a Pentagon having equal ſides, and equal 
A B angles. | 
tance Demonſt. The angles D E G, G E F, DF, 
B D, and HF E, being the halves of the angles DE F, 
de- and D F E, each of which is double to the angle 
(by E D F, are equal to the angle ED F; and conſe- 
2 quently the five arches upon which they reſt, are 
„ or, equal, (by 21. 3.) ſecondly, the angles D G F, 
B C,FGFE, &. having each three of thoſe equal 
it the arches for its baſe, will be alſo equal, (by Av. 3.) 
equal therefore the ſides and angles of the pentagon 
rnate DHE F G, are equal. 


f the Pon ME 


to To deſcribe a pentagon about a circle. Inſcribe 
B isa regular pentagon ABCDE, in the 

efore circle, (by the preceding) and drawing Fig. 11. 
) the} tangents thro? the points A, B, C, D, E, | 

B DF (by the 16. 3.) you will have deſcribed a regular 
ill be pentagon about the circle. h 


ouble PR O y, XIII. XIV. 


* To inſeribe a circle in any regular Polygon; or 
to deſcribe a circle about a regular Polygon. Bi- 
ſect any two ſides or two angles not oppoſite, 


in and where the lines concur ſhall be the center. 


5 baſ C 6 | PRO p. 
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PROP XV. 


To inſcribe a regular Hexagon in the circle 


| ABCDEF; draw the diameter Y 
Fig. 12. APD, then with the compaſſes open'd F. 


to the radius of the circle, ſet one foot 
in the point D, and deſcribe the arch C E, then 
draw the diameters E GB, and CGF; and the 
lines AB, AF, F E, Sc. ſhall form the Hexagon 


required, | 


Demon/trat. *Tis evident, that the triangles 
CDG, and DGE, are equilateral ; therefore 
the angles CGD, D GE, and thoſe oppoſed to 
them at the top BG A, and A G F, are each of 


them the third part of two right angles; that is 


to fay, contain 60 degrees each. Now all the 


angles that can be made about the ſame point, are 
equal but to four right angles, or 360 degrees: 
therefore taking away four times 60, that is, 240, | 


from 360, there will remain 120 for BG C, and 


FG E, which therefore each contain 60 degrees; 


conſequently all the angles at the center being 
equal, all the arches and all the ſides will be 


ons); w. one? angle, as A, B, C, &c. will be £ 


compounded of two angles of 60 degrees each, 
that is 120 degrees, and therefore will be equal. 


COROLLARY 


The ſide of a hexagon is equal to the ſemi- 
diameter, | | 
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Pro?P. XVI. 


To inſcribe a regular Pentedecagon in a circle, 


FT aſcribe in the circle an equilateral tri- 
angle, (by Prop. 2.) and a regular pen- 
#tagon, (by Prop. 11.) fo that the angles 


may meet at the point A, the line B F, will be the 


ide of a Pentedecagon. 


Demon. Since the line A B is the fide of an 
equilateral triangle, the arch A E B will be the 
third part of the whole circle, that is, five fifteenths. 
But the arch A E, equal E F, being the fifth 
part, will contain three fifteenths, confequently 


the arch B F, being one third of EF, will be one 


7 fifteenth, 


As a Supplement to this Fourth Book of Eu lid, 
may be added this practical method, to divide a 
circle, as AB CD, into any number of equal 


parts, not exceeding ten. 


Deſcribe a circle, whoſe center let be E, and 


: croſs it with two diameters A C, and 
= B D, at right angles to each other ; 
and ſet off from the | point A, A O, and 


AQ, equal to B E the radius, and join O Q, fo 
© ſhall O Q be the third part of the circle; then 
join A B, which line A B will be the fourth part; 
upon L, with the diſtance LB, deſcribe the arch 
B M, and join B M, which line ſhall be the fiſth 
part; A E, or B E the radius, is the ſixth part; 


and LO, or LQ, the ſeventh part; 


; angle A E B, and K A, will be the eighth part; 
di ide the arch QA O, into three parts at 8, and 
| _ SQ, which will be the ninth part; laſtly, 


E M will be the tenth part. 
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DEFINTTION:S. 


of one of five. 


2. A Quantity which is exactly contain'd a 


certain number of times in another is call'd an 


aliquot part: thus a rule of two foot is an aliquot 


part of one of four foot; but is term'd an aliquant 


part of one of five foot. An aliquot part takes its |? 


particular name from the number of times it is 
contain'd in the quantity of which it is a part: as 
when it is contain'd twice, we call it a half; if 
thrice, a third; if four times, a fourth, &c. 


3. The Ratio of one magnitude to another, is] 
the relation that the one has to the other, with 
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regard to the number of times it contains any of 
its aliquot parts: thus the Ratio of a rule of two 


foot with one of ſix, is the relation or reſpect it 


has to the rule of ſix foot, in that it once contains“ 


its third part, twice its ſixth, and four times its 
twelith, &c. 9555 


4. There; 
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I. Art is a leſſer quantity compared with 2 
greater; thus a rule of two foot is a part 


ere 


11 


4. There are two ſorts of Ratio's: 1. When 
one magnitude exactly contains a certain number 
of times an aliquot part of another, 


as a rule of 


two foot contains the third part of a rule of ſix 
foot exactly once, in ſuch caſe the ratio is call'd 
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rational. 2. When one magnitude does not ex- 
Factly contain any number of times an aliquot part 
of another; as it happens with numbers or quan- 
Ztities which are incommenſurable. For example, 
the diagonal of a ſquare is ſomething leſs than 
three times the half of its ſide, and ſomething 
more than five times the fourth part, 
being the exact meaſure of any part: 
the ratio is irrational. 


Sc. without 


in ſuch caſe 


5. In every Ratio there are two terms, the 


nitude A, to the manitude B, A is 


firſt of which is call'd the Antecedent, the other, 
the Conſequent : Thus in the Ratio of the mag- 


the Antece- 


dent, and B the Conſequent; on the contrary, if 
the Ratio is expreſs'd, as B to A, then is B the 


Antecedent, and A the Conſequent. 


6. If the antecedent exactly contains its con- 
ſequent a certain number of times, the Ratio is 
call'd multiple, and is ſaid to be double, triple, or 


= quadruple, &c. according as the antecedent con- 


tains its conſequent twice, thrice, or four times, 
c. but if, on the contrary, the antecedent is ex- 


14 actly contained a certain number of 


times in its 


conſequent, the Ratio is call'd ſub-multiple, and 


is expreſs'd according to the number of times, by 
the words ſub- double, ſub-triple, or ſub-quadruple, 
Ec. | 


7. We 
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ſhall be equal, if the antecedent of the Ratio AF 
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7, We expreſs the value of a rational Ratio vi 


e 


R atic 
hic 


the figure ſhewing the number of times the ante. 
cedent contains its conſequent, or one of its ali. 
quot parts; and theſe figures we call Exponents: E 
thus 2 is the Exponent of double Ratio, and + is: 
the Exponent of ſub-double Ratio. In the ſame 
manner 4 is the Exponent of a Ratio, wherein the . 
antecedent contains three times the fifth part of 1 its i 
conſequent. : 


8. Two Ratio's, ae rational or nn 
are ſaid to be equal, when the antecedent of the 
one contains any aliquot part of its conſequent, 0% 
many times (whether exactly or not) as the ante. 
cedent of the other contains the ſame part of it 
conſequent: Thus not only two Ratio's double, 
or ſub-double, triple, or ſubtriple, are equal, and b 
alſo all rational Ratio's which have the fame Ex- P. 
ponent ; but even the irrational Ratio's A and BI 
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contains the third part of its conſequent ſome- 
thing leſs than fix times, and its ſixth part ſome- 
thing more then eleven times, &c. and the ante- 
cedent of the Ratio B, in the ſame manner con- 
tains ſomething leſs then fix times the third part 
of its conſequent, and ſomething more then eleven] al 
times its ſixth part; and that the ſame may be atio 
ſaid of all the other parts both of the one, and the Preat 
other conſequent. * 


ratio 


9. Proportion is an equality of Ratio's: Thus] 


we ſay, there is a 3 between the magni- 


ö If 
tudes or quantities A, 1 B. C D. if the Ratio of Þratio 


3 [41] 
1 e quantity I to the quantity 3; is equal to the 


ante. Ratio of the quantity E to the quantity 5 
5 7 
hich is uſually expreſs'd in the following man- 


er, A: B:: C: D, that is, as A is to B, ſo is 


I :.8 

2 15% : - 

3 to D. Proportion requires at leaſt three Quan- 
n thei ties; for there cannot be two Ratio's without at 
of it; Faſt three Quantities, 


PR OP. VI 


If the quantities A and B are equal, they will 
ave an equal ratio to any third quantity, as C; 
or the quantity A will contain every part of C, 
s many times as the quantity B will contain the 
ame. In like manner the quantity C will 
Pave the ſame ratio to both the quantities A and 
B, becauſe it will contain any part of the one as 

my times as it wall contain the ſame part of the 
ther. | 


PRO. VIII. 


If A is greater than B, it will have a greater 
ratio to C, becauſe it will oftner contain any of 


3 its parts. On the contrary, C will have a leſſer 

/ befþ atio to A than to B, becauſe the parts of A being 

the! Freater than thoſe of B, they will be fewer times 
= ontain'd in C. | 

Thus] PRO r. IX. 

gni- 


If the two quantities A and B have the ſame 
o of ratio to a third as C; or if C has the ſame ratio 
the to A as to B; the quantities A and B are equal. 

i | PF& 0 
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X. 


If A has a greater ratio to C than B; or if C. ; If 
has a leſſer ratio to A than to B; A muſt bel 1. 5 


greater than B. Ind, 
{lids 

Theſe two Propoſitions are demonfirated as tel ID. 
foregoing & 

| | | - uu 

PR oP. AL Tat 

ö a 


It is evident, that two ratio's are equal, if each : 
is equal to a third, - 


P R OP. XII. Fl If 
WM Ar Br: c: D, then by conjunction A and F D 
C: Band D: A: B. "Font: 


Demon. If A contains twice the third 3 of | * 
B: Cwill contain twice the third part of D, and x 
conſequently A and C will contain twice the thirdſ 


part of B and D. 
PRO P. XIII. 


II 

If A: B:: C: D, and A has a greater ratio tof B. 1 
B, than E to F, it is evident, that C will have 4 D 
greater ratio to D, than E to F. | E of 
* Yo C 


PROP. XV. 


It is alſo evident, that A is to B, as the half of 
A to the half of B, the fourth of A to the fourth 


of B. and ſo to the other aliquot parts of A, and 
of | 


PRO p. 
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E PRO. XVI 
CA: B:: C: D, then by exchange, A: C:: 


1 be D, ſuppoſing theſe four quantities of the ſame 

Ind, that is all lines, or all ſuperficies, or all 

1 lids. | | 

"4 Demon/t. If A is 2 of B, then will C alſo be 3 
b; ſecing therefore 3 of B, are to 3 of D, as 

to D, (by the preceding) it may be concluded 


A: en B: 


| PRO P. XVII. 


If A: B:: C: D, then by diviſion A leſs B: 
3: C leſs D: D. | 
and Demon/t. If A contains 4 of B, C will alſo 
Jontain 4 of D; then as A leſs B, is equal to 5 
t of f B; fo C leſs D, is equal to 3 of D; but if 
and R is leſs than B, A leſs B will be a negative 
hird guantity, that is, leſs than nothing. | 


PR Or. XVII. 


lf A: B:: C: D, then by compoſition A more 
o to B: B:: C more D: D. | 
ve a Demon/?. If A contains J of B, C will contain 
E of D; then as A more B, will contain 3 of B; 
Yo C more D, will contain 4 of D. 


Irth 
Is PR oP, 
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P'X © Þ; I. 


If A: B:: C: D, and B: E:: D: F, then 
equality of ratio, A:E::C:F. 

Demon/t. If A is the third part of B, C wit 
be the third part of D; and if B is the fourth par! 
of E, D will be the fourth part of F; therefor 
as A will be the third part of 4 of E, ſo C will ly 
the 3 of 3 of F. 


& 2 N 
* FJ 


PROP. XXIII. 


TA: 8B: :4: D then 
interrupted ratio, A: D: 2 $538 

Demonſt. If A is 3 of B, E will be 2 of F. 
and if B is ; of D, C will be:of E; then as / 
will be 3 of 43, or 22 of D; lo C will be 2 of 
or 7; of F. 


PR O. the Laſt, 


If A: B:: C: D, then by inverted ratio, BY the 
. | 

Demonftrat. If A is 4 of B, C will be 4 D. 
therefore as B will be four times A, ſo D will be 
four times C. | 


N. B. Thepreceeding Demonſtrations are uni. 
verſal, tho* they ſeem appropriated to particula lang! 
Caſes; and may in the ſame manner be applied ine fit 
all caſes, both for commenſurable and incommen-ſſh the 
ſurable quantities; for what is here ſaid of third, of ſeg 
fourth parts, may be as well obſerved of any othe! ang 
aliquot parts, 


B O OK 
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refor) | 
vill 
: 
"2 
: DEFINITIONS. 
b Rectilinear Figure is ſaid to be inſcribed in 
| a curviiinear, when all the angles of the 
of Fe fall exactly into the boundaries of the other; 
as Md the rectiliniar figure circumſcribes a curvilinear, 
of: Nlen all the lines of the firſt, if it be a ſurface, or 
its planes, if a ſolid, touch thoſe of the laſt. 
2. If all the angles of the triangle ABC are 
ual to the angles of the triangle 
7 DF, that is, if the angle A be equal Fig. 1. 
55 the angle D; the angle B to E; and 
. to F; the two triangles are call'd ſimilar. As 
D: | : N 
5 . other figures, they are ſaid to be ſimilar, when 
1 je triangles of which the one is compoſed, are 
milar to the triangles which make up the other. 
| hus the rectilinear figure A is ſimilar 
un the rectilinear figure B, if the three Fig. 2. 
cular angles which compoſe the figure A, 
ed ue fimilar to the three triangles of the figure B. 
mei the ſame manner the ſegment C is ſimilar to 
d, or e ſegment D, if the triangle C is ſimilar to the 
othe! langle C. | 
) K. 3. Hom, . 


461 


3. Homologous ſides, are thoſe which in ſimii of B 
triangles are oppoſite to equal angle L 
Fig. 1. Thus the angle A being equal to tl the | 
angle D, the tide CD will be homo ® 

gous to the ſide EF. | £ 


4. A Ratio is faid to be compounded of tr : 
others, when its Index or Exponent is the pi 
duct of thoſe two Exponents multiplied togethq 
Thus a ſextuple ratio is compounded of double 
and triple ratio; for 2, the expcnent of dou) C 
ratio, multiplied by 3, the exponent of tripl che r 
produces 6, the exponent of ſextuple ratio, 


e eee E 
a 27 


A to 


5. If the exponent of any ratio be wultipli 
into itſelf, it will produce a ratio double to t 
firſt, Thus quadruple ratio is the double of doi 
ble ratio; becauſe multiplying 2. the exponent « 
double ratio, by itſelf, it produces 4, the expone! 
of quadruple ratio. So alſo the ratio whoſe exp 
nent is 4, is double to that whoſe exponent is 3. 

6. If the exponent of any ratio be multiplie 
by the exponent of its double ratio, the produ 
will be its triple ratio. Thus the ratio, whol 
exponent is 8, will be triple to the ratio whol 
exponent in 2. In like manner the ratio wh 
exponent is 5, will be triple to the ratio whe 
exponent is 3. 


LE MM A. 


In a ſucceſſion of quantities, as A, B, C, ther 
tio of the firſt to the laſt will be compoſed of ti 
intermediate ratio's ; that is, the ratio of A to 
| * 
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will be compounded of the ratio of A to B, and 
of B to C. 


5 . e fourth part of C; A will be the + of 4, that is, 


. COROLLARY. 
a 1 ; From N it follows, that if frreral magni- 
tudes as A, B, C, D, E, haue their ſame ratio; 
Dun chat is to fay, if A: B: B ans B:C: 


bi 
Joh C: D, Cc. the ratio of A to C, will be Jouble 
tri the ratio of A to B; and the ratio of A to D will 


be triple the ratio of A to B; becauſe the ratio of 
A to C, is compounded of the ratio's of A to E, 
and of B to C; and the ratio of A to D is com- 
ounded of the ratio's of A to C, and of C to D, 
„ 
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If the triangles A BC, B C D, are of the ſame 
height, that is to ſay, ſtand between 

he fame parallels, the triangle A BC Fig. 3. 
vill be to the triangle B C D, as the | 
daſe A B to the baſe B D. 


tiplic 
rodu 


ho! 
ud Demon/t. Suppoſe the baſe A B, to be but a 
who hird part of the baſe BD; Sto drawing the 


hol 
Wü ide the line B D into three equal parts, and it 


Will appear, that the 7 4 A B C will be equal 
to the triangle B CE, y 37 3) I.) which is but 
he third part of the 3 
In the ſame manner, it is . that if 
he baſe A B were but the fourth part of the. baſe 
B D, the triangle A B * would be but a fourth 
part 


Demon/t, If A is the third part of B, and B 


ines CE, C F, to the points EF, which ſhall 
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part of the triangle BC D, &c. The ſame pro ec 
extends likewiſe to Parallelograms. F 
D 

P R OP. II. | 

Tf the line D E be drawn parallel to the bai 

AC, of the triangle A B C, it will ui” 
Fig. 4. the lides' A . 5 tio 
that is to ay, the part A D will i th: 
to the part B D, as the part CE to the pa E! 
E B. Draw A E and DC gle 
Demon/?. The triangles DE A, DEC, hi any 
ving the ſame baſe D E, and being between 1 to 
ſame parallels C E, A C, will be equal, (by 27 F 
therefore the triangle A DE will be to 4 i tot 
angle DE B, as the triangle D E C to the fan (by 
triangle D E B, (by F. 5.) but the triangle AD equ 
is to the triangle DB E, as A D to D B, (by 1. 6. be 


as is likewiſe The triangle CD E to the triane will 
DB E, as C E to EB; therefoic AD: D the 
LE: E 1 1 ang 


PRO P. IV. 


If the triangle AB C is ſimilar to the triang If 
| DE F. the fide D E will be to the i B, 
Fig. 5. AB, which is homologous to it, as tit in 
ide F E to its homologous ſide C I it; 
Upon E D take the line E G, equal to A B; an right 
upon EF take E , equal to BC; and drag wiſe 
G H. 
Demon ft. The triangle EG BH; will be equ 
in ev cry reſpect to the triangle A B C, (dy 4. 1. 
and the angle G will be equal to the angle A, N . 
to the angle D; therefore (by Cor. to 15. 1.) H numt 
line G H will be parallel to the line D F. au B C, 


cond 


ro 


[ 49 ] | 
INN (by the preceding) DG: GE :: 
FH: HE; then by compolition, (by 18. 5.) 
DE: GE, oe AB:: FE: HEL, or BC. 


Prop. V. 
| If the ſides of the triangle A B C are propor- 


| Y | tional to the ſides of the triangle D E F; 


that is to fay, if as AB: DE:: BC: FP. 6. 
EFand:: AC: DF, the two trian- 
gles are equiangular, Make upon D F the tri- 
angle D G F, ſo that the angle D may be equal 
to the angle A, and the angle F to the angle C. 
Demon/t. Since the triangle DF G 1s ſimilar 
to the triangle ABC, DF: DG:: AC: A By 
(by 7. 5.) or:: DF: D E, therefore D G is 
equal to DE; and in the fame manner F E will 
be equal to F G; and the triangles DE F, DF G, 
will be equal in every reſpect, (by 8. 1.) therefore 
the triangle D F E, will be equiangular to the tri- 
angle A B C, as is the triangle D F G. | 


PRO pP. VIII. 


If the triangle A B C has one angle right, as 
B, the perpendicular B D ſhall divide | 
it into two triangles, both ſimilar to Fig. 7. 
it; becauſe they will each have one 
right angle as the given triangle; and will like 
wiſe each have one angle common with it. 


P R O P. IX. 
To divide the line A B into any 


© number of equal parts. Draw the line Fig. 8. 


BC, at pleaſure, and with any opening 
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. 

of the compaſs ſet off ſo many equal parts upon 
the line B C, as you intend to divide the line A B 
into; for example, 4: then from the point G,. 
which determines the laſt, draw the line G A, to 
which drawing parallels thro' the ſeveral diviſions 
of the line C B, to wit, FH, E L, D M, and 
the points H, L, M, ſhall divide the line A B into 
4 equal parts. 

Demon. As the line BD: to the line B G:: 
B M: B A, (by 2. 6.) therefore as BD is the; 
of B G, ſo B M will be the 3 of B A, &c. 

To make che work the eaſier, draw A N, pa- 
rallel to BC, and ſet off upon A N the ſame 
diviſions as upon B C; then drawing your lines 
from the marks on one, to the correſponding marks 
on the other, ſuch lines will be parallel (by 31. 1.) 
and the given line will be VIGO as required, 
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P R O . X. 


To divide the line A B in proportion as the line I equ⸗ 

E is already divided. Draw the paral- ſemi 

Fig. 9. lels AD, and BC, equal to the line E, ¶ whic 

| „ -and lay down the diviſions of the line N and! 

E, upon the line A D, beginning at the point A; 

do the ſame on the line C B, beginning at the angle 

point C; then drawing thro” the marks L, the vide « 

lines H L, they ſhall divide the line AB, as the AB! 

lines A D, and B C, (by the preceding) or as the BD: 
om line E was divided. | 


PR OPP. XI. 


To find a third proportional to the 
Fig. 10. lines A and B. From the fame point 


E draw two lines at pleaſure, making 
any 


# 
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any angle; then taking E O, equal to the line A, 
and the lines O H. and E K, equal to the line 


: B, draw H L parallel! to O K; ſo ſhail the line 
: K L be the third proportional ſought. 


Demonſt. EO:OH::EK: nene 


: therefore A : . "B:K ik. 


PROP. All 
The ſame muſt be done, if a fourth proportional 


to the lines A B C be demanded. For 

making E O equal to A, O H equal g. 10. 
to B, and E K equal to C, K L will 

be the fourth proportional. 


P R O. XIII. 


To find a mean proportional between the line 


A and the line B. Upon the ſame line 

lay down A B equal to A, and BC Hg. 11, 
equal to B; then having deſcribed a 

| ſemicircle upon A C, draw the perpendicular B D, 


which will be a mean proportional between AB 
and B C. 

Demonſtrat. The angle A D C, being a right 
angle (by 31. 3.) the perpendicular B D will di- 
vide the triangle A D C, into two ſimilar triangles 
N Hl DBC, i 6.) therefore A B B D:: 


PROF. MV. 


' If the equiangular parallelograms 
AB are equal, their ſides ſhall be in Zig, 12. 
eciprocal ratio to cach other; that is 
D 2 to 


18] . 
the ſide HF to the fide F I. 


Demon/t. Since the parallelograms A B are 
equal, they will have the ſame ratio to a third C, 


by 7. 5.) but A: C:: EF: F G, (by 1. 6. 
oO 3 8 HF: FI; therefore 78G. 
HF: Fl. 
In the ſame manner if the ſides of the ſaid pa- 
rallelograms are in reciprocal ratio, we may con- 
ny them equal; becauſe A will be to C, as B 
to C. 


PRO P. XVI. 


If the four lines A BCD are proportional, 

| the parallelogram E, upon the firſt and 

Fig. 13. fourth, the two extreams, will be equal 

to the parallelogram F, upon the ſecond 

and third, the two means, (by the preceding) be- 

cauſe their ſides will be in reciprocal ratio, that is, 
the fide A: fide B:: C: D. | 

It would be the ſame thing if the lines B C 


to ſay, as the ſide E F is to the fide F G, fo is 
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were equal; therefore we ſay, that the ſquare of Þ 


a mean proportional is equal to the rectangle of 
the two extreams, | 


COROL. I. 


If the lines AB, C D, cut each other within 2 

circle, at the point E, the rectangle 

Fig. 14. contained under the parts A E, E B, of 

| the one will be equal to the rectangle 
of the parts CE, E D, of the other. 

Demonſt. The triangles A EC, D E B, have 

the oppoſite angles E equal, (by 15. 1.) and the 
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angles C B reſting upon equal arches, are alſo 
equal, (by 21. 3.) therefore they are ſimilar, and 
conſequently (by 4. 6.) AE: E D:: CE: EB; 
thereſore the rectangle contained under A E, E B, 
will be equal to the rectangle contain'd under 


PD E, CE, (by the preceding.) 


COR OI. I. 


If from the point A without a circle you drayy 


the line AC cutting the circle, and the 
line A D a tangent to it; the reCtangle Fig. 15, 


contain'd under the line AC, and the | 
part A F, without the circle, will be equal to the 


ual 
ond 


t 185 


ange 
angle 


have 


an oles 


ſquare of the line A D. 


Demon. The triangles CA D, AD F, are 


ſimilar, having the angle A common, and the 
angle C equal to the angle A D F, (by 32. 3.) 
therefore AC: AD: : AD: A F, (by 4. 6.) and 
conſequently the ſquare of the mean proportional 
A D will be 
treams A C, A F, (by the preceding.) 


equal to the rectangle of the two ex- 


XIX. 


If the triangles A and B are ſimilar, the triangle 

A will be to the triangle B in a dupli- 
cate ratio to the ratio between their ho- Fig. 16. 

mologous ſides. That is to ſay, if the 
baſe L M is double the baſe & H, the triangle A 
will be quadruple the triangle B. „ 
Demon/t. Dividing equally the lines L M in 
the point D, and LC in the point E, and draw- 
ing D E, D C, it will appear, that the triangle 
ELD is equal to the triangle B, (by 4. 1.) be- 
5 cauſe 


PR Op. 


EE BY 


cauſe the angle L is equal to the angle G, and the 
ſides LD L E, equal to the ſides G H and GF. 
But the triangle LE D, is 4 of the triangle LC M, 
being but + of the triangle L C D, (by 1. 6.) which 
is itſelf but of the triangle L C M; therefore the 
triangle B is + of the triangle L C M. 

In the ſame manner it may be demonſtrated, that 
if LM is triple G H, or quadraple, the triangle 
A would accordingly be nine, or ſixteen times big- 


ger than B, &c, 


PROP IL 


The ſimilar polygons A and B are 
Fig. 17. alſo in a duplicate ratio to their homolo- 
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gous ſides, becauſe they are compoſed 


of ſimilar triangles. | 


Proper. XXIII. 
If the parallelograms A and B are equiangular, 


the ratio of the parallelogram A to the 7 


the ratio of the line CD, to the line 
DE, and of the ratio of the line G D, to the line 

F. 

Demonſt. If CD is5 of DE, the parallelo- 
gram A will be 3 of the parallelogram H, (by 1. 6.) 
and if GD is i D F, the parallelogram H will 
be + the parallelogram B, and the parallelogram 
A will be 3 of 2, or 7, 1. e. 4 of the parallelo- 
gram B. ; e 


PR Op. 


FT Fig. 18, parallelogram B will be compoſed of 


: | 1 
P R O p. XXX. 


1 If the line A B be divided in the point DS i 
that the rectangle contained under A B, : 
and B C, be equal to the ſquare of AC, Fig. 19, 
(by 11. 2.) then is ſuch line divided in 
extream and mean proportion; becauſe A B: 
AC:: AC: CB, (by 16. 6.) | 
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DEFINITIONS. 


T. Body or a Solid is a magnitude wherein we 
conſider length, breadth, and thickneſs. 


2. A line is ſaid to be right upon a plane, when 

it makes right angles with all the lines 

Fig. I. of the plane, Thus the line A B will 

| be right to the plane CDEF, if the 

angles CBA, DBA, E B A, c. are right. 

From this Definicien it follows, that two lines 

cannot be right to the ſame plane, and fall upon 
the ſame point. 


3. If the planes G and D cut each other, ſome 

| of their points, as A B, will be found 

Fig. 2. in both planes, and a right line drawn 

thro* thoſe points will alſo paſs thro' 

both planes, and is therefore call'd their common 
Section. 


4. The angle made by che plane A, with the 
pulwKane B, is the ſame as would be made 

Nx. 3. by the lines of both, which are perpen- 
dicular to their common ſection, as 


D GC, CEF. 


5. Solids 
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5. Solids are equal in every reſpet, Wien they 
are bounded with an equal number of eqal ſur- 
faces, and diſpoſed in the ſame manner, | 


6. Similar Solids are bounded with an equal 
number of ſimilar ſurfaces, and diſpoſe ] in the 
ſame manner. e 


7. A ſolid angle is form'd by the 
concourſe or meeting of more than two Fig. 4. 
planes in the fame point, not making 


one plane, as B. 


8. Parallel planes are ſuch as being infinitely 


| prolong d will not meet. 


9. A Priſm is 2 body bounded with two right- 


nd parallel planes, equal in every re- 
| ſpect, and by an infinite number of right Fig. 5. 


lines paſſing from the one to the other, 


| as the body A. 


10. Parallelipepider./ axe bodies bounded by 


| fix planes, of which every oppolite two 


are parallels, as B. theſe ſix Fig. 6. 


planes are true ſquares, the parallelipe- 
pidon is a Cube, as C. 


IT. A Pyramid is a body bounded by on: 
right-lin'd plane, and an infinite num- 
ber of right lines, drawn from the cir- Hg. 7. 
cumference of the ſaid right lin'd plane, 
to a point without it, as D. 
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1 
12. A Cylinder is a body bounded by two cir- 


cular planes, equal, and parallel, and an 
infinite number of right lines paſling 
from the one to the other, as E. The 
line connecting the centers of the two circles is 
call'd the Axis, as EF. | 


Eig. 8. 


13. A Cone is a body bounded by one circular 
plane, and an infinite number of right 

Fig. 9. lines, drawn from the circumference, to 
| a point without its plane, as H. The 
I line joining the center to the ſaid point, at the top, 
1 or vertex of the Cone, is call'd its Axis, as EH. 


14. A Globe, or Sphere, is a body whoſe ex- 

tream parts are all equally diſtant from 

Fig. 10. a certain point within it, which point 
is calF'd its center, as P. 


Pzo?. * 


If the lines AB, C D, are right 
Fig. 11. upon the ſame plane, they are pa- 
„ | | 
Demon/t. They will be in the ſame plane, to 
wit, that which would be deſcribed by the line 
CA, if remaining right upon the plane, they 
both meet the line CA: farther, they will be 
perpendicular to the line AC, (by Def. 1.) there- 
fore they will be parallel. 


rr ae eee 
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g If the lines AB, CD, are parallel, and AB 
e Þ right upon a plane, CD ſhall be alſo 
right upon the ſame plane; otherwiſe, Fig. 11. 
one might imagine the line CE right 
upon the plane, which would then be alſo paral- 
ar lel to the line AB, (by the preceding) which can- 
ht not be. EY, | | 


— 
. 
— 


he PR OP. IX. | 
If the lines A and B are parallel to a third C, 
they will be parallel to one another; 
x- for imagining a plane, upon which the Fig. 12. 
m line C is right, the lines A and B, which 

int are parallel to the line C, will be right upon the 


ſame plane, and conſequently parallel to one an- 
other. 


PROP x; 


pa- If the line A B is parallel to the line | 

CD, and the line B E parallel to the Fig. 13. 
to line D F, the angle A B E will be equal 
ine to the angle CD F. | 5 : 
1ey Demon/?. The lines AB, CD, and EB, DF, 
be being equal, the lines AC, EF, will be equal, 
re- and parallel to a third B D, and conſequently to 
one another; therefore the lines AE, CF, will be 
alſo equal, (by 33. 1.) and all the ſides of the tri- 
8 ABE, will be equal to thoſe of the triangle 
CDF, and conſequently (by 8. 1.) the angle 
AB E equal to the angle CDF, 5 


20 FRO. 


P. 
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[ 60] 


pA OP. XVI. 


If the parallel planes A and B are cut by a 
third plane CDF E, the common 
ſections CD, EF, will be alſo parallel; 
becauſe they will be in the ſame plane, 
and can never meet, any more than the two planes 
A and'B. 


Fig. 14. 


PROP. XVIII. 


If the line A B is right upon the plane O AFD, 

ich can paſs thro' the 
line AB will be perpendicular to the 
fame plane; becauſe the line AB, 


all the planes ch 


Fig. 15. 


which determines the angle every ſuch plane will Þ 
make with the plane OA F D, ſtands itſelf at 


right angles with the ſaid plane, (by Def. 2.) 
Pror. XXIV. 


If a body is bounded with fix planes, of which 

every oppoſite two are parallel, as A 

Hg. 16. and B, C and D, E and F, thoſe op- 
and ſimilar pa- 


poſite planes are equal, 
rallelograms one to another. 
Demon/t, Since the parallel planes A and B 
are cut by the plane D, the common ſections GH, 
and K I, will be parallel, (by 16. 11.) fo will alfo 
IH, K G, and the figure HIK G will be a pa- 
rallelogram. In the ſame manner the figures 
GKLN, KLMI, I MOH, OHGN, 
ONLM, will be parallelograms; and conſe- 
quently the lines anſwering each other are equa], 
4 GE, NL; OM, HI; and GH, ON; 7 


If 
ralleli 
doubl, 


gous 
be eig 


don E 


[ 6r J 
K I, Farther, the angles which anſwer each other 


are equal, as the angle HG K to the angle ON L, 
becauſe the lines HG, ON, GK, NL, are na- 
rallel: Therefore the planes D and C, and the 
f other correſpondent ones, are * and ſimilar 


— 


PR OP. XXVIII. 
If the parallelipepidon A be cut by the 8 


BC, paſſing thro' the diagonals of two 


© oppoſite planes, the two parts will be- Fig. 17. 
come two equal priſms, ſince they will 

be bounded with an equal number of equal and 
imilar planes, diſpoſed in the ſame manner. 


PRO. XXIX. 
If the parallelipepidenaA B E F D H G and 


ABNM DO L have the ſame baſe | 
AB D, and _ ſame heighth D H, Fig. 18. 
they are equal; becauſe they have the | 
{priſm AB 1 'G N M common, and the priſm 
ABNME F is equal to the priſm D GHOL, 
| therefore (by Ax. 3.) the two parallelipepides are 


equal, 


PR OP. XXXIIL 


If the parallelipedidon A is ſimilar to the ra- 
rallelipepidon E, and the ſide B C be 
double the ſide F G, which is homolo- Fig. 19. 
gous to it, the parallelipedon A will 
4 cight times the — of the | parallelipep 
on E. 


Demonſt. 


[62] 
' Demonſt. 
be alſo double F H, and D L double HI: If then 
ou divide the parallelipepidon A, in its length, 
Nera and depth, into two equal parts, you 
will make eight parallelipepides, any one of which, 
as M, having all its planes equal, and ſimilar to 
the planes of the parallelipepidon E, will conſe- 
quently be equal to it, in every reſpect. 


In the ſame manner if the line BC was triple 
the line FG, it might be proved, that the paral- 


n 


Since BC is double F G, BD wil! 


lelipepidon A would contain twenty-ſeven times 
the parallelipepidon E; from whence it follows, 


that ſimilar parallelipepides are in triple ratio, to 
their homologous tides ; as are alſo ſimilar priſms, 


which are the halves of ſimilar parallelipepides. 
PR OP. XXXVII. 


If the plane A is right upon the plane B, and 
from the point A be drawn a line A B, 


Fig. 20. perpendicular to their common ſection 
C D, it will be right upon the plane B. 
Demonſt. If from every point of the line C D 


were drawn lines all right to the plane B, they 
and one of thoſe 


would conſtitute the plane A, 
lines muſt be the line AB. 
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to 
ns, I are ſimilar, the fide A E will be to 
the fide C F as the diameter AB to Hg. 1. 
the diameter C ID; becauſe the trian- | 
gles AB E, CDF, are ſimilar, 


The. fame may be demonſtrated of all the lines 


and which bound a ſimilar arch. 


. Dy 
> PRO. II. 
55 The more ſides belong to a polygon, either in- 


they ſcrib'd in a circle or circumſcrib'd about 

hoſe Wit, the leſs it differs from a circle; there- Fig. 2. 
fore a polygon having an infinite num- _ 

ber of ſides, hardly differs at all from a circle: 
irom whence it follows, that as polygons are in a 
duplicate ratio of the radii of the circles in which 
they are inſcribed, (by the preceding) fo circles 
alſo are in a duplicate ratio to their own radii, 


COROLLARY. 


Cylinders may be alfo taken for Priſms; from 
„Irhence it may be concluded, that Cylinders are in 
OK i 


f F the Polygons R and O, inſcribed in circles, 


C 
= * 
} 
as) wo 0 1 A F 


. 
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_ a triple ratio of their homologous ſides, as the dia- 
meters of their baſes, when they are ſimilar. 


PRO p. III. : 


Tf the pyramid A, and the pyramid B, have the 
. ſame baſe DCE, and the ſame heighth; 
Eig. 3. that is to ſay, if the line AB, which 
joins their vertexes, be parallel to D E, 
one of the lines of their baſe, the two pyramids 
are equal, 
Demonſt. The triangle DC E is compoſel oſ 
an infinite number of lines parallel to the line D E. 
If from the ends of theſe lines other lines be drawn 
to the point A, they will conſtitute an infinite 
number of triangles, compoſing the pyramid A: 
In like manner the pyramid B would be compo- 
fed, if the ſaid lines be brought to the point B. Bu 
every one of thoſe triangles which compoſe the py 
ramid A will be equal to thoſe which form the 
pyramid B, (by 37. 1.) therefore the whole pyra 
mid A will be equal to the whole pyramid B. 
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PROP. VII. 


The triangular pyramid DEF C is but th 
third part of the priſm ABCD ET 
Fig. 4. which has the ſame baſe, and the (: 
heighth 3 becauſe the whole priſm co 
tains two more pyramids, vix. A BFC, an 
ADFC, which having equal baſes A BF, an 
AD F, and the fame vertex C, are equal, (by t 
preceding) and one of them, viz. AB F C, is equ: 
to the pyramid DEF C, (by the preceding) be 
cauſe it has both the ſame baſe, and the {a 
heighth as the priſm, 


J 65 J 


li- ft is the fame thing with pyramids which are 
not triangular, becauſe they may be divided into 
riangular pyramids. From whence it follows, 
hat ſimilar pyramids are in a triple ratio of their 
omologous ſides; and conſequently cones (which | 

the ay be taken for pyramids of an infinite number | 

wh pf tides) as they alſo are a third part of cylinders, 

nich pf the ſame baſe, and heighth, are likewiſe in a 

E, riple ratio of their homologous ſides, | 
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A Globe may be conſidered as compoſed of an 
nfinite number of pyramids, whoſe ver- 1 
exes meet at the center of the Globe, Fig. 5. 
heir baſes compoſing its ſurface, and 
Apo- heir ſides forming its radii. So that each pyra- 
Butſnid compoſing the globe A, being to each pyramid 
ompoſing the globe B, in a triple ratio of the ra- 
Wius AC, to the radius B D; the globe A will be 

o the globe B in a triple ratio of the radius AC, 
o the Radius BD. | 
The ſame may be ſaid of all other ſimilar bodies. 
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hos LINE © GE CRIED 


7 1 GORIGNOMETRY is a S 
BS I] by which we learn the reſolution of 
R FT 800 Triangles; that is, to find the 
uk as angles and fides unknown, by 
+ ENS the angles and ſides known. 


>= 


. 


be Conſtruction of the Tables of Lines, 
Tangents, and Secants. 


DEFINITIONS. 


N Arch is a part of the circum- | 
| ference of a circle, as ABC; Hg. 1. 
5 the right line A B extending from the 

5 tone end of the arch to the other, is call'd the 
Cord, or ſubtendent of the arch. 


The whole circumference of every circle is ſup- 
poſed to be divided into 360 degrees, each 
degree into 60 minutes, and each minute into 


60 * &c. 


” OT 
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2. What an arch wants of 90 degrees, is call' 
its complement; and its defect of 180 A 
Fig. 2. degrees, is call'd its ſupplement. Thu 
the arch AC is the complement of the G 
arch A B, if BAC contains go degrees; and 
AD is its ſupplement, if the whole figure is 3 
ſemicircle. 


3. The right fine of an arch is a right line 

falling from the one end of the arch per. 

5 * 3. pendicularly on the diameter that termi. 

nates in the other end. Thus B Ci 

the right fine of the arch BA, or of its ſupple- 
ment BF. 


The ſine complement, or co-ſi ign of an arch, 
is * right ſine of its complement. Thus BE 
which is the right ſine of B G, the complement of 1 
B A, is calld the fine complement, or co-lue WF - 
ef B A; and fince BE is always equal to D C | 


therefore. D C is calFd the ſure Roe of tlie I 
arch BA. V. Hg. 3. lhe 


5. The verſed ſine of an arch is that part of g C 
the diameter contain'd between the arch and ib ne 
right ſine. Thus C A is the verſed fine of the arc 7 
BA, and CF of the arch BF. V. Fig. 3. 


6. TheRadius of a circle, as GD, is call'd the fine 
total, becauſe it is the * right fine. V. F. 3 


7. The Tangent of an arch is a right line 
| touching one end of the arch, and drawn 
Fig. 4. without the arch, parallel to the right 


line till it meets the radius produced = 
t 


D C, 
f the 


art of 
d its 
>» arch 
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the other end: The radius ſo produced is call'd a 
derant. Thus A B is the Tangent of the Arch 
AC, and D B the Secant. 


Thus the Tables of Sines, Tangents, and Se- 
cants, being valued by the proportion they 
bear to the radius of every circle, and that 
proportion being in numbers often irrational, 
the. Fables cannot be perfectly exact; but 
that there may be no ſenſible error in their ap- 
plication to practice, the radius of each cir- 
cle is divided into 10000 equal parts; and the 
Tables ſhew how many of ſuch parts are con- 
tain'd in every Sine, Tangent, and Secant, 


| neglecting the fractions. 


Lemma I. 


In every four- ſided figure AB D E, inſcribed in 
a circle, the rectangle made by the dia- 
gonals A D, E B, is equal to the two Fig. 5, 


Irectangles made by the oppoſite ſides of 


the ſaid figure, to wit, the rectangle made by E A, 
DB, and the — made by ED, A B. Draw 


B C, ſo that the angle A B C may be equal to the 


angle D B E. 

Demon/trat. The triangle ABC is ſimilar to 
the triangle E DB; for beſides the equal angles 
ABC, DBE, the angle BED is equal to the 
angle B AD, (by 21. 3.) Therefore (by 4. 6.) 
AB: AC: : E 5 E D, and conſequently the 
rectangle of the extreams AB, E D, will be equal 
to the rectangle of the means AC, E B, (by 16.6.) 
In the ſame manner the rectangle upon A E, BD, 

ill be equal to the rectangle upon DC, EB; be- 
cauſe the triangles BC D, BAE, are ſimilar, and 

8 conſe- 
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conſequently the rectangle upon E B, and the whole 
line A D, will be equal to the two rectangles uo: 
AB, E D, and upon AE, BD. | 


LEMMA II. 


If the content of the rectangle AB C D, and 

one of its ſides AB, be known, the 
Fig. 6. other ſide A D, may be known, by di. 
| viding the value of the rectangle, by the 
fide known, | 


Lemma III. 


If as A: B:: C: D, and A, B, C, be known, 
D may be found, by multiplying B by C, and di- 
viding the product by A, fince that product is 
equal to the product of A by D, (by 16. 6.) 


PAO. I. 


If it is known how many parts of 
Fig. 7. the diameter A C are contained in the 
cord of an arch A B, the content of its 
ſupplement B C may be alſo found. 
Diemonſt. The angle B being right, the ſquare 
of the diameter A C will be equal to the ſquare 
of the line AB, and the ſquare of the line B C, 
(by 47. 1.) and conſequently if the ſquare of the 
line AB be ſubtracted from the ſquare of the 
diameter A C, the ſquare of the line B C will re- 
main; the root of which being extracted, wil 
give the line B C. | 


PAR oOo. 


(2x 1] 


uf on | PROP. I, 


The cord B C of an arch being given, 
he cord CA of an arch double CB Eg. 8. 
may be found. Draw the diameter B D, 
and the lines D A, DC. | 
Demonſt. DA, DC, may be found by the 
foregoing. Multiply AB by CD, and C B by 
D, the ſum of the two products will be equal 
o the rectangle made upon BD and AC, (by 
emma 1.) therefore dividing by BD, you have 
A, (by Lemma 2.) 


PR O P. III. 


The cord A B being known, the cord D B of 
n arch triple to AB may be found. | 
Draw A C, and CD, equal to AB; Fig. 9. 
Iraw alſo AD, CB, which may be 
own as before. | | 
Demon/t. Multiply the cord A D by the cord 
dC, and the product will be equal to the two 
ectangles upon DC, AB, and upon CA, DB, 
by Lemma 1.) then ſubtracting the rectangle 
pon CD, AB, the remainder will be the rectan- 


Juare 

— ge upon CA, DB, which being divided by C A, 
B C, Nies DB. | 

f the In the ſame manner may be found the cord of 


n arch quadruple, quintuple, ſextuple, &c, 


P R OP, IV. 


The cord of an arch of 60 degrees , | 
Bis equal to the radius CA. 3 


oP, 8 8 
Demon/t, 


, Im} 
Demon. The angle C contains bo degretz 


the two others A, B, contain what remains t 


make up the two right angles, that is, 120 de. 
grees, (by 16. 1.) and becauſe they are equal, exc 
muſt contain 60 degrees, (by 5. I.) as the angle ( 
and conſequently the line A B will be equal to th 

lines CA, or CB, (by 6. 1.) fy 

S m. 

| PR O P. V. ag 

Fis. x Half the cord A B, is the right fn Hh 

8: 11. of half its arch A CB. | 25 

Demon/?. If the line A B be divided equally the 

in the point E, the triangles AED, BE D, vii ane 


be equal in very reſpect, (by 8. 1.) and conſe h 
quently AE will be the right ſine of A C, (out 
Def. 3.) which is the half of A C B, ſince thi 300. 


angles A D C, B D C, are equal. whit 
COROLAARY. 

The cord of 60 degrees being equal to the H. 

dius, contains 100000: parts, therefore the rig vou 

ſine of 30 degrees, being half the cord of 60 hic! 

grees, will contain 50000, doubl, 

| be th, 

. You tl 

Which 

| If the right fine A B, of an arch ff 2-. 

Fig. 12. 30 degrees A D, be known, the colf£uinty 

| A D may be alſo known. c. tl 

Demon/t. Subtrack the ſquare of the fine A of 


from the ſquare of the radius AC, the remaind 
will be the ſquare of the line B C, 2 47-1 
which being ſubtracted from the radius CD, 


give the verſed fine BD; add therefore the {qu 


£93 3 3 
of B D, to the ſquare of B A, and the ſum will 
be the ſquare of the cord AD. (by 47. 1.) 


CORK 


Having the cord A D, the half thereof will be 
the right ſine of 15 degrees, the cord cf which 
may be found by the foregoing, and its half will 
again be the right fine of 7 degrees 30 minutes. 
Thus deſcending by continual halving, you will 
find that the right ſine of 52". 44”. 3 45 is 
2554. You mult obſerve, at the ſame time, that 
the fine of 1.45". 28”. 7. 30””. is double the 
fine of 52. 44”. 3%. 45%. ſo that the fine is to 
the fine as the arch to the arch; therefore with- 
out danger of miſtake, you may ſay, as 52“. 44m". 
ace ;/. 45%. are to 607. ſo 2554 to the fine of 600. 
which will conſequently be 2909. | 


VV 


Having thus found the right ſine of 1 minute, 
you muſt double it to get the cord of 2 minutes, 
which by Prop. 2. will give the cord of an arch 
double, or the cord of 4/. of which the half will 
be the fine of 2/. and by Prop. 3. it will give 
you the cord of a triple arch, or of 6/. the halt of 
which will be the ſine of 3/. Laſtly, this ſame cord 
bt 2“. will give the cord of an arch quadruple, 
Juntuple, ſextuple, c. or of 8/. of 10/. of 127. 
7c, the half of which will be the ſine of 4/. of 
ne AWE of &, Oe. | 


PR Or. 
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PRO. VII. 


Having found the right fines of all the arches, 

you will have their tangents, and their 

Fig. 13. ſecants. For Example, you may have 

the tangent CE, if you know the fine 
DB, and the fine complement A B. 

Demonſt. The triangles ABD, ACE, are 
rectangled, and have the angle A common; there- 
fore they are ſimilar, and conſequently the fine 
complement AB, will be to the _ ſine B D, as 
the radius A C to the tangent C E, (by 4. 6.) 

In the ſame manner Br the ſecants, the fine 


complement AB will be to the radius A C, as the n 
radius AD to the ſecant AE, (by 4. 6.) | al 
tr 

Note, To the end that the fractions neglected ii P- 
the beginning, may not cauſe any great err th 

in the progreſs, it will be proper to take thin WM th 

into the produce, ſo as to be conflantly within WM 

the half unit, in the loweſt place. 70 

f 
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2 LOGARITHM Ss. 

, J OGARIT HMS are artificial Numbers, 
ſine made uſe of inſtead of the natural ones, by 
s the means of which the operations of Multiplication, 


and Diviſion, are performed by Addition and Sub- 

traction; and the extraction of the Root of any 
an power by a fingle Diviſion of the Logarithm of 
error the power by the index or exponent of ſuch power; 
then thus dividing it by 2, the quotient is the Logarithm 
vithin of the ſquare root, and by 3, that of the cube 

root, Sc. | | 


DEFINITIONS. 


r. Arithmetical Progreſſion, is a ſucceſſion of 
numbers equally exceeding each other, as o, 1, 2, 


3» 43 5» Sc. or f, 3, 55 74 9 Ec. | 


2. Geometrical Progreſſion, is a ſucceſſion of 
numbers, of which the firſt is to the ſecond, as the 
ſecond to the third, and as the third to the fourth, 
Oc. as I, 2, 4, 8, or 1, 3, 9, 27. | 


3. If exactly under the geometrical progreſſion 
A, — with 1, you place the arithmetical 
progreſſion B, beginning with 0, the numbers of 

| 2 | the 


Ll 
the arithmetical progreflion will be the logarithms 
of the correſponding numbers in the geometrical 
progreſſion, For example, the third number of 
the arithmetical, will be the logarithm of the third 
number of the geometrical; that is, the number C 
is the logarithm of the number D, fo is E of F, 
and G of H. 

D F H 


A A k, 2, 4, 8, 16, 32, 64. 
B * o, 1, 2, 35 45 5, 6. 


* 5 
LEMMA I. | it 
pre 
In every geometrical progreſſion A, the num- MW D 1 
bers immediately following each other, have the ( 


fame common ratio between them; but thoſe tien 


which are ſeparated by the interpoſition of one if for . 
term or place, as B C, have a ratio, double to the N divic 
general one; and thoſe which are ſeparated by the I unit 
interpoſition of two places, as B, D, have a triple 


ratio, &c. (by Lem. 1. 6.) | 


A A , 2, 4, 3, 16, 32. Fry 
a 8 num] 
| | from 
. 
From hence it follows, that if two numbers in a 
geom etrical progreſſion are at the ſame diſtance 
from each other, as two other numbers, they wil De 
Have the ſame ratio; and if they have the ſame cord 
ratio, they are at the ſame diſtance, | Mon « 
| manne 
ording 


LE M M {2mm 
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LEMMA II. 


0 | In every geometrical progreſſion A, whoſe firſt 
rd term is unity, if the number B be multiplied by 
8 the number C, the product ſhall be a number in 

2 5 


the ſame progreſſion, as far diſtant from the num- 
ber C, as the number B is from unity, to wit, D. 


A A I, 2, 4, 8, 16, 32, 64, 128. 
© 


7 


Demonſt. If multiplying B by C produces D, 
it muſt be 1: B:: C: D, therefore (by Lemma 
preceding) B will be as far diſtant from unity, as 

um- D from C. | | 

the On the contrary, if D be divided by B, the quo- _ 
hoſe tient will be C, as far diſtant from D, as the divi- 
one MI for B from unity; becauſe in every diviſion, the 
» the MW dividend is to the quotient, as the diviſor is to 


y the unity, 
triple 
LEM MA III. 


In every arithmetical progreſſion commencing 
with o, if the number marked C, be added to the 
number D, the ſum will be E; the ſame diſtance 
from D, as C from o. 


Bos „ „7. 
1 


8 i 4 a . : 

{tance | | 
ey wil Demonſt. C will be more or leſs diſtant from o, 
> {ame cording as it contains more or leis times the com- 


mon difference of the progreſſion. In the ſame 
manner E will be more or leſs diſtant from D, ac- 
ording as ir contains more or leſs times the ſame 
M emmon difference above D. But ſince E is the 

| N ſum 


of times the common difference more than D, as 


— — . U ]%2,ed 5 5 — —— — — 


l 78 ] 


ſum of C and D, it will contain the ſame number 


C does more than o; therefore E will always be 
as far diftant from D, as C from o. 

In the ſame manner, it may be proved, that if, 
on the contrary, the number C be ſubtracted from 
the number E, the remainder will be the number 
D, as far diſtant from E, as C from o, ſince E 
contains as many times the common difference 


above D, as C does above o. | thr 
| ſon 

Prop. VIII. giv 

the 


If in the arithmetical progreſſion B, anſwering and 
the geometrical progreſſion A, the number C, the nur 
logarithm of the number D, be added to the num- 
ter E, the logarithm of the number F; the ſum 
G will be the logarithm of the number H, and the 
number H will be the product of the number D, 
multiplied by the number F. 


„ 
A= 1, 2, 4, 8, 16, 32, 64. 


B ＋ o, — * 3s: 2 8 6. 


Demon ſb. Since in the arithmetical progreſſion, 
the number C immediately follows o, if to it be 
added the number E, the ſum G muſt immedi- 
ately follow the number E, (by Lem. 3.) ſo in the 
geometrical progreſſion, ſince D immediately fal. 
lows 1, if it be multiplied by F, the product H 
{hall immediately follow F, (by Lem. 2.) There. 
fore ſince E anſwers to F, ſo ſhall G to H, and 
will conſequently be its logarithm. 

In the ſame manner it may be demonſtrated, 


that if C, the log, of D, is ſubtracted from G, the 


log. 


on, 
t be 
1edl- 
1 the 
fol- 
ct H 
here- 
and 


-ated, 
„ the 
log. 
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log. of H. the remainder E, will be the log. of 
the number F, and the number F, will be the quo- 
tient of H, divided by D. | 


COROLLARY. 
The Uſe of Logarithms. 


1, If you are to find a fourth proportional to 
three numbers given A, B, C, having found in 
ſome Table of Logarithms, the logarithms of the 
given numbers, add the log. of B and C, and from 
their ſum E, ſubtract the log. of the number A, 
and the remainder D, ſhall be the log. of the fourth 


number required F. | 


A 1099 —— 3,0402066 

B 1078 —— 3,0326188 
C964 —— 24,9840770 
E 6,0166958 

A 350402066 

D 2,9764892 
F947s 


Demonſtrat. To find a fourth proportional, the 
rule is, to multiply the ſecond and third, and di- 
vide the product by the firſt ; but in ſubtracting 
tne log. of the number A, from the ſum of the 
logs. of the numbers B and C, we find the log. of 
the product of the numbers B and C, divided by the 
number A ; therefore that log. muſt be the loga- 
ithm anſwering to the fourth proportional ſought. 


2. To find the ſquare root of any number, as 
9901, having from any table found its logarithm, 


* 
̃(„¶—GCNTTTTTH—Hn H — ꝙ ́ : n — ——mäß6 28 — — — 


which is 3,9912704, the halfthereof, viz. 1, 9956352, 
will be the log. of the root ſought, to wit, 99. For 
adding the log. of 99 to itſelf, it gives the product P 
of 99 multiplied into itſelf, that is its ſquare. þ 


[ 80 ] 


In the ſame manner taking the third part of the of 


logarithm of any number, you have the log. of its b 
cube root; and taking the 7 you have the log. of p 


its biquadrate root, &c. bo 
3 be 

The Conſiruction of Legarithms correſpondent zo the the 
natural Numbers. | | C 

2 


1. We begin with the geometrical progreſſion A, C. 
in which the terms increaſe by the ratio of one to i 35 
ten: for the logarithms of which we ſet down the WM bett 
arithmetical progreſſion B, in which the terms en. the 
ceed each other by 1000000. The ſequel vil I bet: 
make it clear why we begin in this manner. r 
A B | to v 
x —0,000000 A 1,0000000 —0,000000 of g 

10 —1,000000 D 3,1622777 —0,500000 
100 —2,000000 B q, ooooooo 2. 

1000 — 3,000000 | 
10000 —4,000000 C 10,0000000 —1,000000W the 
100000 —5,000000 | 


2. We ſeck the logarithms of the numbers be. 
tween I and 10, beginning with finding the log. © 


9, thus: 
Add to each of the three numbers 1, 9, 10, ſe 
ven cyphers, to make the numbers A, B, C, whic 


have the ſame ratio as 1, 9, and 10, and conſe . 
quently muſt have the ſame logarithm; therefon by mz 
multiplying the number A, by the number C, and know. 


extract 
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extracting the ſquare root of the product, will 
produce the number D, a mean proportional be- 
tween A and C, (by 16. 6.) and conſequently to 
have its log. half the difference between. the log. 
of the number A, and that of the number C, mult 
be taken, viz. 500000, which being added to the 
log. of the number A, will make 0,500000, the 
log. of the number D. In the ſame manner may 
be found the logs. of all numbers, which will be 
mean proportionals between two others, of which 
the logs. are already known. 125 

Thus multiplying the number D by the number 
C, and extracting the root of the product, you 
will find the mean proportional between D and 
C, and its log. will be o, 7 50000. The ſame work 
is continued in ſearching the mean proportionals 
between two numbers ſtill nearer to B, till at laſt 
the number B becomes itſelf a mean proportional 
between two numbers whoſe logarithms are known, 
and conſequently its own logarithm will be known, 
to wit, 0,954242, which will be alſo the logarithm 
of the number q. 


3. In the ſame manner we find the logarithm of 
7, and of 2, Then half the logarithm of 9, gives 
the log. of its ſquare root 3; the double of the 
log. of 2, will give the log. of its ſquare 4, ſub- 
tracting the log. of 2, from the log. of 10, gives 
the log. of 5, adding the log. of 2, to the log. of 3, 
you have the log. of 6; and adding the log. of 2, 
to that of 4, you will find the log. of 8, 


4. In the ſame manner we find the logarithms 
anſwering to the numbers between 10 and 100 


by making uſe of the logs. of numbers alread 


known, to diſcover thoſe of their products ang 
1 | roots 


— 


| | 82 J 
roots; and for the reſt, we do as for the numbers 
9, 7, and 2. 


Note 1. The Tables of Logarithms are uſually 
carried on to I0000. | 


2. When we ſeek mean proportionals, we often 
meet with numbers which have no exact root, 
and yet we neglect the fractions; ſo that thoſe Ml 99 


logarithms are not perfectly exact; but when IM "* 
the root is extracted to many places, ſuch re- ! 
mainders are very inconſiderable, fo there can b,o 
ariſe no ſenſible error in their application. 6 


3. The logarithms of all the numbers between 1 four 

and 10, begin with o; of thoſe between 10 and the 

100, with 1; of thoſe between 100 and 1000, rem: 

with 2, &c. This firſt figure of a logarithm is IM that 

uſually ſeparated from thoſe following by 2 IM 434 

1 point annex'd, and is call'd the Index, or Cha- ¶ ware 
0 racteriſtic, becauſe it ſhews how many places Ii and 
| | the correſponding number (when integral) con- if 1c 
i | fiſts of, which is always one more than the ¶ hic 
| units in the Index. N total, 


Note, The logarithm of a fraction is the difference of the logarithms f 
both terms; therefore ſubtract the logarithm of the denominator fron 

. the logarithm of the numerator, and the remainder is the logarithn 
e the fraftion, and the number found in the Table correſponding 
thereto, is the decimal fraction of the ſame value as the wulgar frac- 
tion given; but the index of the logarithm of a proper fraction i 
negative, and bas a ſhort line — for minus put over it, and tells tht 
place that the fir fignificant figure of the number is below the unit's 
place; fo that the index of a logarithm, whether negative or afjin- 
ative, is only to ſhew the place the firſt fignificant of the nunbo 
Peſſeſſet from the unit's place, either below or above it, and 11 no part 
of the logarithm to be ſought for in the tables, where wwe uſe only tit 


Faction, or part to the right band of the point, which is ahway! 3. i 
affirmative, as Mr, Gardiner in page 1. of the Explication to bu %h 
Tables makes evident, | F : . 

| | m a 
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| Prov. X. 
The Conſtruction of Logarithms for the Sines. 


1. The fine total has for its log. to0000000, or 
perhaps 100000000000 ; but in moſt tables the laſt 
three figures are neglected. 5 


2. The fine of 89 degrees 59/. is found to be 
9999999 . .. to find its log, we ſeek in the ordi- 
nary tables the log. of 9999. which is 3,9999566, 
to which we add the log. of Toooooo, which is 
6,0000000, and we have 9,9999566, the log. of 
9999000 . . . Then ſubtracting 9999000 . . . from 
the fine total 10000000 . . . the remainder will be 
found 1000 ... In the ſame manner ſubtracting 
the log. 95999 566 from the log. 10,0000000, the 
remainder will be 434, by which we may obſerve, 
that 1000 . . . the difference of the numbers, gives 
434 for the difference of the logarithms. After- 
wards we ſeek the difference between the given ſine, 
and the fine total; which finding to be 1 . . . we ſay, 
if 1000 . . . gives 434, then 1. . will give g 8: :: 
which being ſubtracted from the log. of the ſine 
total, will give 99999999 #85 : : : for the log. of 
the given fine. | 

A TIo000000 ©000000 
B 9999990 o000000 
1 COO0000 
9999999 
9999998 oooooor 
29999908 
9999997 90 οοο 


9999997 
9999996 0000006 


3. In the ſame manner may be found all the lo- 
zarithms of the fines ; but to do it more eaſily, we 
form a geometrical PE of which ro000000 

0 and 


80 
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[84] | 
and 9999999 are the two firſt terms; after this 
manner we add ſeven cyphers to the ſine total, to 
make the number A, and the ſame to the ſine 
9999999, for the number B, the difference of 
theſe two numbers will be C, 1,0000000, or 
To0865555 of the number A; then ſubtracting ſe- 
ven cyphers from the number B, it gives the num- 
ber D, which will alſo be 4555555 of the number 
B; conſequently if you ſubtract it from the num- 
ber B, you will have the number E, which will 
have the ſame ratio to the number B, as the num- 
ber B to the number A; for as E will be 4222299 
of the number B, ſo B will be 42222222. of the 
number A. The ſame muſt be done for the num- 
ber G, I, &c. to 100 terms, aſſigning them loga- 
rithms, which ſhall diminiſh by the ſame diffe- 
rence, as is between the log. of the firſt number, 
and the log. of the ſecond, viz. 838, and you wil 


find among thoſe numbers, 15 ſines, with their 


logarithms. | 

Further, you muſt raiſe by. the ſame way a pro- 
greſhon of 50 terms, of which the firſt muſt be the 
Hine total 10000000, and the ſecond 9999goo, the 
laſt term of the foregoing progreſſion, and you wil 
find ſeveral other ſines with their logarithms, 

Laſtly, you muſt make ſeveral other progrel- 
ſions, having the ſine total for their firſt term, and 
the laſt term of the preceding progreſſion for their 
ſecond, of which the laſt figures will be cyphers. 


N. B. You muſt remember to end the progrel- 
ſions when their terms will not increaſe 
enough to reach the ſine which follows. 
this means you may find the log. of moſt of 
the ſines. Fe or the others, they muſt be found 


after the manner of that of 9999999. 
| | | "© 8 02? 


k 
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PxXo3 XL 
The Conſtruction of the Logarithms of the Tangente, 
. and Secants. 
1. Having found the logarithms of all the ſines, 


thoſe of the tangents may be eaſily diſcovered, 
ſince the ſine complement is to the right ſine, as 


* 


the fine total to the tangent, (by Trig. Prop. 41: 


for if the log: of the ſine total be added to the log. 
of the right ſine, and from the ſum the log. of the 


fine complement be ſubtracted, the remainder wilt 


be the log. of the tangent. 


2. For the ſame reaſon (as above) if from dou- 
ble the log. of the ſine total, the log. of the ſine 
complement. be ſubtracted, there will remain the 
log. of the ſecant. 


Note 1. The logarithms of fractions are nothing but 
the logarithms of both terms. ” 


2, If in your operations you meet with a log. not to 
be found in the tables, look out for one the near- 
eſt you can find to it, without regarding the in- 
dex, or characteriſtic; then adding as many cy- 
phers to the number anſwering to it, as there are 


units in the index of the log. given, more than in 


the index of that found, and you will have the 
number of the log. given to a ſmall fraction, which 
may be alſo found by this analogy ; if the diffe- 
rence between the log. found, and that which fol- 
lows it in the tables gives 1, the difference be- 
tween the log. given and that found (without re- 
gard to the index) ſhall give the fraction, which, 
as the log. given is greater or leſs than that found, 
muſt be accordingly added, or ſubtracted, without 
regarding the index, or charaQteriſtic; The De- 
monſtration of which is cafy. | 

| | PAN 
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I. LL Triangles are reſolved by the rule of WW the 
analogy, or proportion, in which three char 
known numbers are given; for multiplying the WW fides 
two laſt, and dividing the product by the Reſt, the 
quotient gives the fourth proportional. | 


= 2. We call the fine, tangent, or ſecant of an 
| angle, the ſine, tangent, or ſecant of the arch 
which meaſures that angle. | I. 


3. In every right-lin'd triangle, as A B C, the WW and | 

| half of the ſides are the fines of the I Gy, 

Fig. 1. angles to which they are oppoſite: For A 

| having deſcribed a circle thro” the three I Ine 
points A B C, it will appear that the half of the Y, 
ſide B C, for example, is the fine of half the arch IM the f. 
B C, (by Prop. 5. Trig.) which meaſures the op- the q 
polite angle A, (by 20. 3. Euc.) O! 
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COROLLARY 


From whence it follows, that in every triangle, 
3 ABC, the ſine of the angle A is 
to its oppoſite fide B C, as the fine of Fig. 2. 
any other angle, as B, to its oppoſite 
ide A. C. | 


4. In every triangle, as A BC, rectangular at 
the point B, if one leg, as A B, be taken 
for the radius of a circle, or fine total, Fig. 2. 
the other leg B C, will be the tangent 
of the angle A, and A C its ſecant. 


5. To reſolve a Triangle, ſo much ought to be 
known of the angles and ſides, as may determine 
the triangle in ſuch manner, that it cannot be 
changed, without changing one of the angles or 
ſides known. 


PROP. XII. 
The Reſoluti on of rectangled Triangles. 


I. In the triangle A B C, of which the angle 
Bis right, if the line A C be known, 
and the acute angle C, then we may Fig. 3. 
ſay, by Suppo/. 3. E 

As. the fine total, or ſine of the angle B: to the 
line AC: : the fine of the angle C: to the line AB. 

You muſt therefore multiply the line A C b 
the ſine C, and divide the product by the fine total, 
the quotient will be the line A B. | 

Or by Logarithms. Add the log. of the line 
AC to the log, of the fine C, and from the ſum 
5 ſubtract 
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ſubtract the log. of the fine total ; the remainder 


will be the log. of the line AB. See the work K 
both ways, making C=402 6 20% "= 


| Nate; Sine C _— OO 64422 Log. Sine of C - © o - - - 9.309044: - 
Line AC — — 50] Log. of AC — — 1.698970 Wl tar: 


—— 


Produt 3221100 Sum — 111.5080042 
Sine total = + , 1cocoo | Log. of Sine total - - 10,0000003 


— — — : ———— ——L—⅛— 3 


Quotient A B 32.2 9 of 32.211 for AB - 1. 5080042 
In the ſame manner for the ſide B C, we ſay, I 
by Suppoſct. 3 AC 
Sine total : 1 . the 


2. In the rectangle triangle A B C, of which 7 

| the angle B is right, and the angle CB avg; 
Fig. 4. known, with the ſide B A oppolite to / 
itz; to find CA, we ſay, by Sup. 3. the 

Sine 7 the angle C: fide AB: ine of the angl 7 


= B: CA arg 
6 And to find the ſide B C, we ſay, 

1 Sine C: A322 fc complement EC: Bw 2 
= be k 


3. In the triangle A BC, of which the angle BI not 
Il is right, and of which the ſide CB, ng] 
| Fig. 5. with the baſe A C, are known, to find kno! 


| | the angle A, we fay, beca 

=  Thebaſe A C: fone of the angle B : . B C. de! 
fine of the angle A. if it 

4 And to find the fide A B, we fay, tuſe, 

1 The fine total B: the baſe AC:: fine cmi. by f. 

| [ ment A: fide A B. by 
i a 5 


— 


| 
bY 
% 
1 
1 
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4. In the triangle A B C, of which 
the angle B is right, if the two ſides are 
known; the angle A may be found by 


ſaying, by Suppoſit. 4. 
h the fide BC: 


Fig. 6. 


The fide A B: the fine total:: 
tangent of the angle A. 


PR OP. XII. 
The Reſolution of oblique-angled Triangles. 


1. In the triangle AB C, if the ſide 
AC be known, and the angles Cand B, 
the fide A B may be found, by ſaying, 
by Suppoſ. 3. x 

The ſine of the angle B: fide A C:: fine of the 
angle C: fide A B. | 

And becaule the angle A, is the ſupplement of 
the two others, to find the ſide B C, we ſay, =, 

1 of the angle B: fide A C:: fine of the 
angle A : 44 CB. | | 


2. In the triangle A B C, if the ſides AB, B C, 
be known, and the angle A, which is 
not between the known ſides, the tri- Fig. 8. 
angle cannot be reſolved, unleſs it be | 
known whether the angle C be acute, or obtuſe ; 
becauſe without altering the data, we may change 
the triangle AB C, into the triangle AB D; but 
fit be known that the angle C is acute, or D ob- 
tuſe, then may the triangle be reſolved by Sup. 3. 
by ſaying, 

Side BC: ſine A:: the fide B A: ſine C, or D. 

And to find the ſide C A, we ſay, 

Sine A: B C:: ſine B: AC 


Fig. 7. 


3. In 
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3. In the iſoſceles triangle A B C, if the legs are 
known, and the angle B between the 
Fig. 9. equal legs, the two other angles which 
are equal to each other, may be alſo 

known, and the whole triangle reſolved. 


4. But in the ſcalenous triangle A B C, if the 
legs BA, BC, are known, and the angle 
Fig. to. B, we may know the ſum of the angles 
A and C; and to find the value of each, 

uſe the following analogy. 

The fum of the legs A B, BC: their difference: : 
the tangent of half the ſum of the angles A and C. 
to the tangent of an angle, which being aded to 
the ſaid hal, will give the greater angle. 

From the point B deſcribe a circle, whoſe radius 

let be the leſſer leg BC, which will cut the greater 
leg in the point D; produce D till it meets with 
the circumference of the circle, at the point E; ſo 
| ſhall A E be the ſum of the ſides A B, BC, and 
D A their difference; the angle D C E will be 
= right, as will alſo the angle CDF, if DF be 
| | drawn parallel to C E. | | 
_ ' Demon/?. The angle B being common to the 
two triangles BDC, B AC, the ſum of the angles 
on the bat DC, will be equal to the ſum of the 
| angles on the baſe A C; and as the 4 2 on the 
baſe D C are equal, (by 5. 1 Euc.) each of them 
will be the half of the ſum of the angles A and C; 
From whence it may be concluded, 1. That the 
line C E muſt be the tangent of half the ſum of 
the angles A and C. 2. That the angle A CD, of 
which D F will be the tangent, being added to the 


half of the ſum of the angles A and C, will be equal to 


the angle C, and conſequently, ſince (by 4. 6. 21 


| 1 
A E is to DA, as CE, to D F, it is certain, that 
the ſum of the ſides B A, B C, is to their difference 
25 the tangent of half the ſum of the angles A and 
C, is to the tangent of an angle, which added to 
the ſaid half, will make the greater angle C. 


5. If all the ſides of the triangle A B C are 
known ; from the greateſt angle B, let 
fall the perpendicular B D, upon the Fig. 11. 
gteateſt ſide A C, and it will form two . 
rectangle triangles, the angles whereof may be re- 
ſolred by the foregoing propoſitions; but to find 
D the point where the perpendicular falleth in the 
line AC, we uſe the following analogy. 

The greatęſi ſide A C: the ſum of the other two 
fades BA, B C: : the difference of the fides B A, BC, 

vis. G A: AF, which ſubtracted from A C, 
the point D is in the middle of the remainder, 

It is eaſy to ſee how the figure is made. 5 

Demonft. The line A B E, is the ſum of the 
ides A B, B C, and the rectangle E A G is equal 
to the rectangle C A F, (by Cor. 16. 6. Eucl.) 
therefore C A: the ſum of the ſides AB, B C:: 
AG: AF, (by 14. 6. Eucl.) | 


REM A R K. 


If in the figure AB CD, the angles BAC, 
BAD, BDA, BDC, be known, which 
are ſufficient to determine the other an= Fig. 12. 
gles, all the other angles may be known, 
without knowing the fide A B; to which you 
may give what value you pleaſe, without changing 
the angles ſought. hus knowing any one ide, 
the whole figure may be reſolved. 


PART 


[ 92 | 


/ 8 Ts, RJ - of ( — + 4 D FF a 1 
W SSD 2); Ef . rl 44 £2 2 N25 


— 


PART IV. 


The Reſclution of SPHERICAL TRIANGLE! a 


LE MMA I. hus 


Ee F a Globe or Sphere is cut by a plane 
Fig. 1, I paſting thro' its center A, the com- 
: | mon ſection will be a circle, who ra 
dius A B, will be the radius of the Globe, and it 
circumference will encompaſs the ſurface cf the 
Globe ; ſuch circle is call'd a Great Circle. 
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LEMMA II. 
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If a Sphere is cut by the plane E FG E, not er 
paſſing thro* the center A, the commo 
Fig. 2. ſection will be a circle, the radii. 0 
| which will be leſs than thoſe of tht 
Sphere. Draw A B perpendicular to the plane 
and B M, B N, B L, to the ſurface of the Globe 
and A M, AN, AL, and you will have three tr 
angles equal in every reſpect, of which the {ide 
BM, BN, BL, will be equal to one another, and 
leſs than AL, AM, AN, radii of the Sphere 
ſuch circle is call'd a Leſſer Circle. 
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DEFINITIONS. 


1. A Spherical Angle is form'd by | 
wo arches of a great circle, as ABC, Fig. 3. 


2. A Spherical Triangle is a part of 
the ſurface of a Sphere, bounded with v. Fig. 3 
three arches of great circles, as AB C. 


3- The Pole of a Circle is a point in the ſurface 
f a ſphere, equidiſtant from every part 
pf the circumference of the ſaid circle. Fig. 4. 
hus the points A and B are the poles | 
f the circles C D and EF. 


SUPPOSITIONS. 


1. All ſpherical triangles are ſuppoſed to be 
ade upon the ſurface of a ſphere, of which the 
dius contains 1000. equal parts. | 


2. If in a ſphere two great circles AB C, ADC, 

t each other in the points A C, their 

mmon ſection will paſs thro? the cen- Fig. 5. 
r of the ſphere, which is common to 

oth, and will conſequently be the diameter of 
oth, and will divide both equally. 


J, nol 
mmo 
adi 0 
N the 
plane 


Globell; The line A B, which joins the two poles of 


e circle C D, is the diameter of the 


rec 1 Where. For imagining a great circle Fig. 6. 
e ſice paſs thro? the points A and B, which | 
erb "Will cut the circle CID in the points CD, the 
phere hes A C, and AD, BC, and BD, will be 


Wal ; fince therefore the whole arch A C > » * 
| wk d 


EF! 
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be equal to the whole arch A DB, the line A Th 
will be the diameter of the great circle C B D A, ſure 
and conſequently of the ſphere. | 


7 
Note, If CID is a great circle, C B and C \FWang 
will be quadrants; as will all other arches «ſſh alſo 

a great circle drawn thro” the poles A, B, upon 
the circle CID. . 8 
DF 
4. Every ſpherical angle, as A B C, is meaſurel arch 
by the arch A C of a circle, of which N ethe 
Fig. 7. is the pole. This definition ſuppoſes D 
that the arches of all circles whoſe pole wil 
is B, will be ſimilar to the arch A C, if they ar Whic 
between the arches BA, BC. From whence it othe: 
follows, that the angles diametrically oppoſite BI Dray 
are equal, being meaſured by the fame arch ACM 
ſince by the foregoing Suppoſition, the point Ir 9! 
will be alſo the pole of the arch A C. wy 
| | IC 
5. The arch B C falling upon the arch AE being 
makes two * AC B, E CB, equi le gre 


Fig. 7. to two right, ſince wy are meaſure eres 
by the ſemicircle A B E, (by Sup. 2 
In the fame manner the oppoſite angles B C 
A C D, will be equal, being each the ſuppleme 
of the angle A CB. | 


6. If the circle A B C, paſſes thro' the pole 
of the circle B E D, they will cut e We 

Fig. 8. other at right angles. For deſcribing 
| great circle, of which let B be the pol 

it will paſs thro' the points AC; ſo that B. 
B C, will be quadrants of a circle, (by Sup. 3 
but AE will alſo be a quadrant as well as E 
Then 


„ 
A 2 Therefore the angles AB E, CBE, will be mea- 
) A fured by quadrants. 


7. If the cinch BAD, makes right 
angles with the cirle B E D, they will Tig. 8. 
es H alſo paſs thro* each other's pole. 


8. If the point B, be not the pole of the circle 
D F E, but ſome other point, as A, the | 
ach B A E will be greater than any Fig. . 
ich 2M ether arch, as B F. | 
Draw B C right upon the plane DEF, and it 


7. will fall upon D E, (by 38. 11.) at the point C, 
ey v which will not be the center of the circle DFE; 
nce otherwiſe the lines B D, B E, would be equal. 


e BI Draw B F, CF. 
Ac Demon/?. The line C E paſſing thro' the cen- 
ter of the circle, will be greater than C F, (by 7. 3.) 
Then in the rectangled triangles ECB, F CB, 
which have the fide C B common, the fide C E, 
being greater than the ſide C F, the baſe B E will 
e greater than the baſe B F; and becauſe arches 
increaſe in proportion with their cords, till they be- 
ome a ſemicircle, the arch B A E will be great- 
than BF. 


9. The Figure remaining as it was, the arch 
D will be leſs than any other, as B F, and B F 
nll be greater than any other which can be made 


uy tween D and F, and leſs than any other between 
bing and E. | | | 


10. In every triangle, as A B C, each ; 
ie, as A Bis hk Hom a ſemicircle, Fig. 1x. 
ur their arches A B, A C, being prolonged bn 

| | | ey 
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they meet in the point D, the arch A D will 55 
but a ſemicircle, (by Sup. 2.) 8 


II. In every triangle, as ABC, two ſides A}, 
AC, are greater than the third BC 


5 B A, deſcribe the circle D A F, and PD 
compleat the circle BC GF. | 
Demon/t. Since the point B is one pole of the cc 
circle A D E F, the point C, which is diſtat «5, 
from it leſs than the ſpace of a ſemicircle, (by the 


preceding) cannot be its other pole, (by Sp. 3. — 
but ſome other point, as G, if B G is a ſemicircle; io 
then the arch C A is greater than CD, (by Sp. 900 ę ; 
But B A and BD are equal, (by Def. 3.) therefore 
CA, and BA, are greater than CB. | ang 
12, The three ſides of a ſpherical triangle = 
ABC, are leſs than two ſemicircle, ; 
Fig. 12. For continuing AC, AB, till they meet .. 
in the point D; their arches A CD, a, 
A BD, are but equal to two ſemicircles: but CDi ... 
B D, are greater than CB, (by the preceding ( 
therefore A C, A B, C B, are not equal to two 
ſemicircles. 5 = 
13. If the triangle A B C, has two legs B 4, - 4 
B C, equal to the two legs of anothenly that 
Fig. 13. triangle EF, FG; and if the angle Di 1. 
be equal to the angle F; the two ti d 
angles are equal in every reſpect. | D 
Demonſt. If one triangle be laid on the other. "2 
AB will cover FE, and BC will cover FG 15 
therefore the baſe A C will cover the baſe EG 15 5 
otherwiſe they would cut each other in the * . 
11 


| be 


A B, 
BC, 
ance 
and 


F the 
ſtant 
the 


. 3 


cle; 


b. 9.) 


-efore 


angle 
ircles. 
meet 
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E, G, and each baſe would be a ſemicircle, (by 
$4þ. 2) which cannot be (by 9p. Io.) 


14. It is demonſtrable alſo in ſpherical trian- 
eles, as in reCtilinear, that if the legs 
AB, A C, are equal to the legs ED, ig. 14. 
DF; the angle included will be greater, 
or leſs, in the one triangle than in the other, ac- 
cording as their baſes -are greater or leſs. In the 
ſame manner it is demonſtrable, that iſoſceles tri- 
angles have equal angles on their baſes, and that 
thoſe which have equal angles on their baſes, are 


iſoſceles triangles. 


15. If jin the- triangle A B C, the 
angle A is greater than the angle C; Fig. 15. 


the ſide C B will be greater than the 


ide AB. 

Demon/t, Make the angle D A C, equal to the 
angle D C A, and the arch A D will be equal to 
the arch D C, (by the preceding) but D B, D A, 
are greater than A B, (by Sup. 13.) therefore B D, 
D C, will be greater than AB. 


16. In the triangle A B C, whoſe angle A is 
right, the angles C and B have the ſame | 
affection as the ſides oppoſite to them; Fg. 16, 
that is to ſay, they are right, acute, or 
obtuſe, according as the oppoſite arches are equal 
to, or leſs, or greater than a quadrant. 

Demonſt. Since the arch A B is perpendicular 
upon the arch A C, it will paſs thro? its pole, (by 
dp, 7.) therefore if the arch AB is a quadrant, 
he point B will be the pole of the arch AC ( 


3p, 3.) and conſequently the angle C will be right 


{oy Sap. 6.) but the arch A B cannot be aug- 
＋ | mented 
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mented, or diminiſhed, without augmenting or di. 
miniſhing the angle A C B: I'. erefore the angle 
C will be right, or greater, or leſs than a right, | 

According as the arch A Bis a quadrant, or greater, 
or Jeſs than a quadrant. | 
17. If the two ſemicircles ABC, ADC, ct 
each other at right angles; the point B, 
Fig. 17. the pole of the ſemicircle A D C, wil 
. divide A B C into two quadrants, (by 
Def. 2.) In the fame manner the point D, the 


| pole of the ſemicircle A B C will divide A DC \ 
into two quadrants. Farther, the arch D E wil 1 
i be a quadrant, (by Sp. 3.) and ſince E is not the q 
{1 pole of the arch A D C, the arch E D will be 4 
1 greater than the arch E F, and leſs than the arch | 

1 E G, (by Sup. 9) il 

Wl C 

wh 0 

1 x. In every rectangled triangle A D E, the baſe A 

l | D E will be a quadrant, if at leaſt the of 
k ö Fig. 17. leg A D is the fourth part of a circle: ci 

| But if the two legs are greater than a eo 

i | quadrant, as in the triangle C E F, or if they are Ig 

| both le's than a quad rant, as in the triangle A FL to 
ml. the baſe EF will be leſs than a quadrant. Lafth, | 
; if one of the legs is leſs than a quadrant, and the le] 

other greater, as in the triangle C E G, the bas up 

E Gill be greater than a quadrant. | pla 

| | | | C01 

2. The three ſides of a rectangled triangle cat pla 

not each of them be greater than a quadrant ; hö anc 

can one ſide be greater than a quadrant, and the ner 

other Wo Jeſs. N 16. 

Tall, 

3. "lf per 
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ſine of the oppoſite arch B C. 


N rallel planes with a tiurd; and 48 L G is found 
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3. The baſe of a rectangle triangle, or the arch 
oppoſite to the right angle, cannot be leſs than a 
quadrant, without affecting the legs, and conſe» 
quently the angles. | | 


„ 


PA OP. I. 


If the ſpherical triangle A B C, having every 
one of its ſides leſs than a quadrant, has | 
the angle B right ; the ſine of the angle Hg. 18. 
B will be to the fine of the oppokte 
arch A C, as the fine of another angle A, to the 


Continue B C, till BF becomes a quadrant, ſo 
ſhall the point F be the pole of the arch A B. 
which mult alſo be continued till A E becomes a 

uadrant: then deſcribing the arch F E, of which 
the pole muſt be A, and conſequently the arch 
A C L will be a quadrant, and LE the meaſure 
of the angle A. If you draw L H right upon the 
circle A B E, it will fall perpendicularly upon the 
common ſection G E, and will be the ſine of the 
arch LE, or of the angle A: L G will be the fine 
total, or ſine of the angle B. | 

Farther, draw thro' the point C, a plane paral- 
el to the circle E J. F, and like it perpendicular 
upon the pline AB E. This plane will cut the 
plane, B C F, perpendicular upon A BE, and their 
common ſection C D will be right upon the fime 
plane, and conſequently paralle! to the line II, 
and the ſine of the arch B C. In the fame man- 
ner I D, and & H, CI, and GI., are parallel, (hy 
16. 11,) being the common ſections cf the two pa- 


perpendicular upon G A, IC will be alſo per- 
F 2 pendicular 


Fig ng. 


{ 100 J 
pendicular upon 6G A, and the ſine of the arch 
LA. 

Demonſtrat. The three ſides of the triangle 
LH G, being parallel to the three ſides of the tri- 
an; le CI D, the two triangles are equiangular, 
(by 10. 11.) therefore (by 4. 6.) L G, the fine of 
the angle B, will be to CI, the line of the _ 
ſite arch A C, as L H, the fine of the angle A, t 
CD, the. Gp of the oppolite arch B C. 


LEMMA. 


E the plane A, is perpendicular to the plane B, 
and C D perpendicular upon the com- 

Eig. 19. mon ſection E H, it will be right upon 
the plane; ſince the plane A is a web 


of right lines, upon the plane B. 


PRO P. II. 


Li the ſame triangle A B C, the tangent of the 
angle A, will be to the tangent of the 
oppoſite leg C B, as the fine total to 
the {ine of the other leg A B. 55 

Continue the arches AB, AC, B C, as above; 
then draw EI, the zangent of the arch D E, or of 
ihe angie A; dB D, the tangent of the arch 
BC; and by the foregoin Lemma they ſhall be 
right upon the plane A BY. 

' Farther, thro' the line B D, draw a plane paral- 
lel to the plane ELF, and like it perpendicular 
upon the plane A B E; the common ſections 
LD M, B M, will be parallel to the common ſecti- 


ons I G, E G; and as E G is perpendicular upon 


F G, BM will be alſo perpendicular upon F G; 
and will conſequently be the line of the arch BA. 
Demon/i, 


| L 101 J 

Demonſt. Since all the ſides of the triangle 
B D M, are parallel to the ſides of the triangle 
TEG; the two triangles are equiangular, (by 
10. 11.) therefore EI, tangent of the angle A, will 
be to B D, tangent of the arch B C, as E G, the 
line total to B M, the ſine of the leg B A. | 


COROLLARY I. 


By theſe two Propoſitions, are all Caſes of ri oht- 


. angled triangles reſolved, in the manner follow- 


ing; provided all their arches are lefs than qua- 
drants. | | 

Let A B C be a triangle, whoſe angle C is right; 
continue C A to G, ſo that & C may 
be a quadrant, and G the pole of the ig. 20. 
arch B C, (by Sup. 3.) continue alſo | 
BC, fo that B I may be a quadrant, which will 
likewiſe make the arch G I a quadrant, (by $:p. 2.) 
and its pole B, and conſequently B A being conti- 
Ttued to the point H. will alſo be a quadrant, In 
the ſame manner continue C B, ſo that C D may 
be a quadrant, and A C, till AF becomes a qua- 
drant; for then DF and AE will be alſo qua- 
drants, | h 


CASE LI. 


If the angle A, and the oppoſite leg B C, be 
own; the baſe A B may be found, by ſay ing, 
by the firſt Propoſition, | 

Sine of the angle A: ſine of the leg BC. fine 

totale fine of the baſe A B. | 

Or the leg A C may be found, by ſaying, by the 
kcond, | 
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Tangent of the angle A: 
B C:: /me totale fine of the leg A C. 

Sine total: tangent of BC:: Co-tangent of A: 
/me of A C, | 


T ne angle B may be alſo found, becauſe the tri- 


angle BED will have its baſe B D, the comple- 
ment of BC, which is known; and its leg D E, 
the complement of E F, which may be known, 
becauſe it is the meaſure of the known angle A. 
We ſay therefore, by the firſt, 

Sine complement of B C: ſine total :: fine com- 


plement of the angle A: fine of the angle B. 


CASE II. 


Fr the angle A be known, and the adjacent leg 


A C, the other leg BC may be known, by the 
ond Propofition, thus, 
Sine total: fine off the Irg A C:: tangent of the 
angle A: tangent of the arch B C. 
Alſo the baſe: A. B may be found, by the ſecond, 


thus, 


Sine total: fins E D, coniflement of the angle 
A:; rangert of the angle D, complement of 
the arch AC: tangent ef the urch E B, com- 
/ ferment of the baje A B. 

O- the angle B may be found, by the firſt, thus, 

Sine tetal H: jine of the baſe A G, complement 
„ AC:: ine of the angle A: fine of ibi 
arch G ll, coniploment of the angle B. 


CASE HL 


If the angle A, and the baſe A B be known, the 
leg B C may be found, by the firſt, thus, 

Sine total: fine of the baſe A B:: fine A 70 

[ 


& the leg BC. 


tangent of the ar 


CO 


thus 


the 


/t „t 
Or 
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Or the other leg A C may be found, by the ſe- 

cond, thus, | ; 

Sine DE, complement of the angle A: fine to- 
tal :: tangent B E, complement of A B : tan- 
gent of angle D, complement of A C. 

Or thus, 

Sine total: fine D E, complement of the angle A:: 
tangent A B, complement of B E: tangent AC, 
complement of the angle D. | 

And the angle B may be known by the ſecond. 

thus, | 

Sine total fine A H, complement of A B:: 
tangent of the angle A: tangent H G, comple- 
ment of the angle B. | 


CASE IV. 


H the legs A C and B C- are known, the baſe 
A B may be found, by the firſt, thus, 

Sine total H: fine G A, complement of A Cc; 
fine G, complement of BC: fire I A, com- 
plement of A B. | 

The angle A may alſo be found by the ſecond, 

thus, 

Sine of the arch A C: ſine total :: tangent of the 
arch B C: tangent of the angle A. | 

In the ſame manner may be found the angle B. 


dine of the arch BC: fine total :: taugen of 


AC: tangent of the angle B. 
CASE V. 


if the leg AC, and the bafe A B, are known, 
te other leg B C, may be found by the firſt thus, 


Sine of the arch & A, cem lement of A C: ſine 
total H: fine A H, complement of AB: fine G, 
complement off B C. 5 

| F 4 


- The 


„ Sw t 
: The angle A may alſo be found by the ſecond, 
thus, 3 
Tangent of the angle D, complement of AC: t 
tangent of B E, complement of A B:: ſine tl 
total: ſine D E, complement of angle A. at 
And the angle B may be found by the firſt, thus, W 
Sine of the arch A B: ſine total C.:: fine AC: 
fine angle B. | : 


| CASE VA ar 

| 6a 
If all the angles are known, the baſe A B may ut 
be found by the ſecond, thus, th 


Tangent of the angle A: tangent of the arch tri 
H G, complement of the angle B:: fine total: WM A. 
fine H A, complement of the baſe A B. We 

Or the leg A C may be found by the firſt, thus WW the 

Sine of the angle A: fine of the arch H G, cont. 
angle B: fine total: fine A G, complement 
of A C. | | 

In the ſame manner may be found the leg B C. 


COROLLARY H. 


Such rectangle triangles as have two fides 
greater than quadrants,. are reſolv' d.as 

Fig. 21. follows. Let the triangle A BC te 
propoſed, whoſe two ſides A B, B C, are 

greater than quadrants; produce the. ſaid two ſides 
till they meet at the point D, which will give an- 
other triangle C A D, whoſe angle D will be equal 
to the angle B, and the fide A C common to both; 
the other angles, and the other ſides, will be the 
ſupplements to the other angles and fides of the 
triangle ABC; fo that it will be. eaſy to ages 
| | | 2 
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the triangle A B C by the triangle CP. 
Ik che rectangled triangle E G, has wo of its 
ſides E E, EG, equal to a qua hant, 
the angles G ny F will be rizht; and Tig. 22. 
the arch F G will be the meaſure ef the 
angle E, (by Sup. 17.) che one oi dne other of 
which maſt be known, to reſolve the triangle. 


Note, Some reſolutions will be equivocal, be- 
cauſe the ſine equally reſpects both the Oh 

arch, and its ſupplement; and in ſuch g. 22. 
ne the triangle cannot be reſolved, 8 

unleſs we know "the affection of the angle, or of 
the arch found, by means of the ſine. Thus the 
triangle AB C cannot be reſolved, tho' the angle 
A, and the arches A C and B C are Knovn, unlels 

we alſo know the affection of the arch A B, all 
the reſt agrecing as well with the triangle PCA. 


Por. III. 


In every oblique-angled triangle, as ABC, the 
fine of the angle A, is to the line of the 
oppoſite arch BC, as the fine of the 
angle B, to the ſine of the oppoſite arch 
A C: Draw the perpendicular arch C D, which 
may fall either within, or without the triangle. 
Demonſt. Since the triangle ADC is rectan- 
gled (by Prop. 1.) tire foe total D: to the ſine 
fAC :: fine A: fine of C D, and e 
the rectangle under the ſine total, and th Ga 
CD, is equal to the rectangle under the . As 
and the fine of AC, (by I5. 6.) In the fame 
manner, the triangle D} C, being rectangle, the 
ane total D: ſine CB - ſine B: line CD, kenn 
F 5 | whench 


Fig. 24. 


e f x06 Þ 
whence it will again follow, that the rectangle WW «i! 
under the ſine total, and the fine CD, will be po 
equal to the rectangle under the ſine CB, and the & 
ſine B, as it was equal to the rectangle under the are 
tine AC, and the tine A; ſince then the rectangle MW the 
under the fine AC, and the fine A, is equal to wi 
the rectangle under the fine C B, and the {ine B; cos 
therefore (by 15. 6.) the ſine A: fine CB: : fine arc 
B: ſine AC | | me 


| LE MMA. Fe 

IF in the triangle AB C, the arch which fall the 

from the angle A, perpendicularly upon MW fo» 

Fzg. 25. the baſe BC, be found within the tri- MW fg! 

angle, as A D; then the angles B and C wh 

will have the ſame affection as the arch A D, (by 9rat 

Sub. 16.) But if the perpendicular arch falls with- 

out the triangle, as A E, then the angle B, and 

the ſupplement of the angle C, wiz. ACE, wil 

' have the ſame affection as the ſaid arch AE, and 
io the angles BC prove diverſly affected. 


COROLLARY. 


By this Propoſition therefore oblique-angled 
triangles may be reſolved, by thus letting fal 
perpendiculars, and thereby rendering them rec- 
angled triangles. But their reſolution will be 
zendered more eaſy by the Propoſition following, 


a 


Let the oblique-angled triangle A C be pro- 

| poſed, of which the legs AB, AC are 

Fig. 26, leſs than quadrants: Draw the perpen 
| dicular arch AD, which will fall eithe 
within, or without the triangle, and produce 


of 
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fall 
rect» 
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til A G becomes a quadrant; then from the 
point A, as a pole, deſcribe the quadrant G H, 
ſo that H may be the pole of the arch AG; the 
arches D B, b C, being prolonged, will paſs thro” 
the point H, (by Sup. 6) fo that DB H, DC, 
will be quadrants, as will alſo AE, and A F, and 
conſequently C E, BF, will be complements of the 
arches AC, AB, as B H. C H, will be comple- 
ments ot the arches DB, and DC; and the arches 
F H, E H, will be complements of the arches G F 
or GE, or of the angles G AF, G AE, From 
the figure thus prepared, may be drawn the fol- 
lowing Concluſions; but obſerve that the fame 
figure muſt be made for the triangle B IC, of 
which the legs I B and I C are greater than qua- 
drants. 


c Gerd ens 


I. The tangents complements of the legs, and 
the fines complements of the angles, which the 
perpendicular arch makes within the legs, are pro- 
portional. 2 | 

In the rectangle triangle B F E, the tangent of 
the angle , is to the line total, as the tangent of 
the arch BF, to the ſine of the arch F H, (by 
Prep. 2.) In the fame manner in the triangle 
CE H, as the tangent of the angle H, is to the 
line total; fo the tangent of the arch C E, is to 
the fine of the arch E H. Therefore, as: the tan- 
gent of the arch C E, the complement of A C, is 
to the fine of the arch E H, the complement of 
the angle EAG; fo the tangent of the arch B F, 
the complement of A B, will be to the ſine of the 
ach F H, the complement of the angle F A G. 


F 6 2. The 
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2. The fines complements of the legs, and the 
fines complements i the arches between the legs, 
and the perpendicular arch, are proportional. 

In the triangle HB F, (by Prop. 1,) as the ſine 
of the angle H, is to the ſine total; ſo the ſine of 
the arch B F, is to the ſine of the arch B H. In 


the ſame manner, in the triangle C E H, as the 


ſine of the angle H, is to the ſine total; ſo the 
ſine of the arch C E, is to the fine of the arch 
CH. Therefore, as the fine of the arch B F, the 
complement of the leg A B, is to the fine of the 
arch B H, the complement of B D; ſo the ine of 
the arch C E, the complement of the leg A C, will 
be to the fine of the arch C H; the complement 


of C D. 


3. The tangents of the angles of the baſe,. are 
reciprocally proportional to the fines of the arches, 
between the perpendicular arch, and the legs. 

In the triangle B A D, (by Prob. 2.) the fine 
total: ſine” B D.:: tangent j : tangent. A D. 
Therefore the rectangle under the fine. total, and 
the tangent A Ds. is equal to the rectangle under 
the ſine B D, and the tangent B, (by 15. 6.) In 
the ſame manner, in the triangle A D C, the tan- 
gent AD: the tangent C :: fine D E: fine total, 
and conſequentiy, the rectangle under the tine to- 
tal, and the tangent A D, will be alſo equal to 
the rectangle under the ſine D C, and the tangent 
C. Therefore the rectangle under the fine D C, 
and the tangent C, is equal to the rectangle under 
the fine B D, and the tangent B; and theretore 
(by 14. 6.) the tangent of the angle C : to the tan- 
gent of the angle B:: the fine. of the arch B D: 


the fine of the arch D C. 8 
4. T9 


| £09 } ” 
4. The fines of the angles made by the perpens 
cular arch. are proportional to the fines comple- 
ment of the angles of the baſe. * | 
In the triangle B A D. (Cie 1. Cor. I. of Prop. 
r.& 2.) the ſine of the angle B A D, is to the 
ſine complement of the angle B, as the fine total 
s to the ſine complement of the arch AD. In 
the ſame manner, in the triangle C A D, the ſine 
of the angle CA B, is to the ſine —_— of 
the angle C, as the fine” tetal to the fine of the 
uch A D; therefore the ſine complement of the 
angle B, is to the fine of the angle B A D, as the 
line complement of the angle C, to the ſine of 
the angle D A C. 


GO ο⏑ D 


7; If in the triangle A B C, the angles A and B, 
with the fide AB, be known, the tri- | 
angle may be reſolved, becauſe the Fig. 27 
Data are ſufficient to determine it. 2 

Imagine the arch A D, to fall perpendicnlarly 
from the angle upon the oppoſite ſide BC, in 
luch manner, that the angle B, which is oppoſite 
to the arch A D, may be acute this will produce 
three different caſes, as they are expreſs, d in the 
fgure and which all have the fame ſolution. - - 

To find the angle C, look in the rectangled 
triangle A B D, wherein you know the acute 
angle B, and the hypothenuſe AB; look, I fay 
for the angle B A D, (by Caſe 3. of Cor. 1. Prop. 
I. & 2.) afterwards, ſay (by Concluſion 4.) 

The fine of the angle BAD : fine complement 
of the angle B:: the fine of the angle DA C: 
v the ſine of the angle C. | "Ind 

Q- 


F 220 } 

To know the ſide A C, ſay (by Conclyfion 1.) of 
Sine complement of the angle BAD: ſine con- A 
plement of the angle DAC :: tangent comple. E. 
ment of the arch A B : tangent” complement of the Ml ren 


ar. ch A- Go | | C 
In the ſame manner we may know B C, by let. WW rec 
ting the perpendicular arch fall on A C. knd 
COROL n. noi 


If in the triangle AB C, the angles A and B 

are known, with the fide C B, let fall 

Fig. 28. the perpendicular arch C D, as above, 

which will give you the rectangle tri- 

angle BCD, of which you know the angle B, 

and the baſe BC; therefore you will have the 

angle BCD, (by Caſe 3. of Cor. 1. Prop. 1. & 2.) 

Afterwards, to find the angle B CA, ſay (by 
Concluſion 4) 

The fine comp. of the angle B: fine comp. of tht 
angle A:: ſine 7 the angle BC D: fine of the angl: 
DCA; then the ſum or difference of the two angles 
will be the angle BCA. 

To find the ſide C A, fay (by Prep. 3.) 

The ſine of the angle A : fine of the arch B C: 
fone of the angle B: ſine of the arch A C. 

o find the arch BA, ſeek in the triangle WM ve! 
B CD, (by Cæſe 3. of Cor. 1. Prop. 1. & 2.) the W Perp 
leg B D; then (by Concluſion 3.) ſay, 

The tangent of the angle A : tangent of tu des 
angle B: ſine of the arch B D: ſine of the arch A D. I he 


Obſerve, 55 

1. If the arch C D be the ſupplement of the T 
arch CA, and if DC, D B, be conti- thi 

Fig. 29 nued till they meet in the point E, the ! 
arch CD will be alſo the ſupplement AC 


0 


1 
of the arch CE; and conſequently the triangle 
ACE will be an iſoſceles, and the angles A and 
E equal; as will alſo A, D; therefore the diffe- 
rent triangles B CA, B C D, will have the arch 


CB common, and two angles equal; ſo that to 
reſolve the triangle A B C, it is not ſufficient to- 


know the angles A, B, with the fine C B, but the 
affections of the angles, and of the unknown ſides, 
muſt be alſo known. | | 


2. If in the rectangled triangle A C D, the baſe 


AC is grater than a quadrant, the angles A C D,. 


CAD, will be diverſly affected. (by Sup. 17.) 
and on the contrary ; from thence it Gllows, that 
to determine the affection of the arch A. C, and of 
the angle CA D. it is neceflary to know the 
aſtection either of the one, or the other. The 
fame may be ſaid of the arch BA; for if in the 
rectangle triangle B C A, the baſe C A is greater 
than a quadrant, the legs B A, B C, will be of 
different affection, and the contrary. 


re Mm 
If the two ſides A B, A C, of the triangle ABC 


are known, and the angle A, draw the 
perpendicular C D from one of the un- Fig. 30. 
known angles, upon one of the known _ 
lides; then to know the angle B, you muſt find 
4 arch AC, (by Caſe 3.) and (by Concluſion 2.) 
ay - | 

{0 BD:/ne A D:: tangent A: tangent B. 
The {ame mult be done for the angle C; then 
tohive the arch C B, you ſay (by Concluſion 2) 


Sie comp. AD: fine comp. DB: fine comp. 


AC: lire comp. CB. 
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r. ATV. 
If in the triangle A B C, the ſides A B, A C, 


and the angle B, are known, the tri. If 
Fig. 31. angle cannot yet be reſolved, without legs 
h knowing the affection of the angle C; Nut. 
for ſuppoſing the arches A C, A D, are equal, and the 
that the arch D C be prolong'd till it meets with the 
the arch B A in the point B; then the different Mine 
triangles A B D, A B C, will have two ſides equal d 
and one angle, equal; but then, the angle A C 
will be the ſupplement of the angle ADB; 9 

that in knowing the aftection of the 
Fig. 32. angle C, the triangle may be deter- 

mined, To know then the angle C, 
ſay (by Prop. 3.) | | 

Sine A C: fine of the angle B:: fine of the ard) 
AB: fine of the angle C. | 
_ Farther, to find the angle A, let fall the per- 
pendicular arch A D, as in the firſt Caſe, and 
look in the rectangled triangle A D B, the angle 
B A D, (by Caſe 3. of Cor. I. Prep. 1 & 2.) then 
ſay (by Concluſion 1.) 

Tangent complement of the arch B A : tangent 
comp. of tbe arch AC :: fine comp. of the angle 
BAD: ne comp. of the angle DAC. 

Laſtly, to know the fide B C, ydu muſt ſeck 
in the rectangle triangle A D B. the leg B D, (by 
Caſe 3. of Cor. 1 Prep. 1. & 2.) then ſay (b 
Concliſion 2.) . of th 

'The fine comp. of the leg A B: fine comp. of ithiMrence 
lg AC: : fine comp. of the arch B D: /ine cn H ( 
ef the arch DC. ue e 
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For VF. 
\ C, 


> tri. In every ſpherical triangle, wherein the unequal 

hout legs A C, A B, from the angle A, the 

> C, Wrectangle contain'd under the fines of Fig. 33. 
and Ml the legs AB, A C, is to the ſquare of 

with the radius, as the difference between the vers'd 

erent MW ine of the baſe CB, and the vers'd fine of the 

qual Wl difference of the legs, will be to the vers'd fine of 
Cue angle A. | 

. Make the circle AB NA, aad the ſemicircles 

fthe BCN, ACM; then thro' the point C, make a 

eter. Ml circle of which let B be the pole, and another, 


e C, MW vboſc pole let be A; theſe two circles will appear- 
in the figure, as the right lines. F S, IP: Further, 
arch MW raw the perpendiculars LO upon NB, L H up- 
on AM, HK upon OL, F T upon BN, and. 


per- EG npon IP. 


and 
75 Explanation of the Figure. 
Cit 


Since the arches. A. C, A F, falling from the 


be the difference of the legs A C, A B, and 
is vers'd fine ſhall - be T B. In the ſame manner, 


D'B is the vers'd fine; and conſequently D T, or 


of the baſe BC, and the vers'd ſine of the diffe- 
rence of the legs F B. Farther, AB H, and 


ve equal; and H K is the ſine of the leg A B, 


o F fimilar to the arch which meaſures the angle 


pole A, upon the Circle F S, are equal, F B will. 


the baſe BC is equal to the arch BI, of which 


FG, will be the difference between the vers'd ſine. 


BHO, being quadrants, the arches AB, HO, 


F E is the {ine of the leg A C, equal to the arch 
AF. Laſtly, CF is the vers'd fine of the arch: 


A, 
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A, (by Def. 4.) Let us ſuppoſe that H V is equa 


to the vers'd fine of the ſaid angle; it is then to 


1 


t 
be demonſtrated, that T D, or its equal F G: : 
HV: : the rectangle under thee fines H K, FE: 

the ſquare of the radius H L. | 5 
Demonfirat. The triangle HK L, is ſimilar 
to the triangle FC G, ſince they are both rectan- I, 
gled, and their angles L and C are equal, being Nie © 
inward alternates of a third L GC; therefore tier 
(by 4. 6.) K H: HL: : FG: FC. Farther, Ne ar 
ſince FC and H V are the vers'd fines of two ſimi. Ne to 
lar arches, FC: HV:: F E radius of b,! 
Fig. 33. FC: HL radius of HV. But the C. 
ratio of the rectangle E F H K, to ti: Pence 
ſquare of LH, is compoſed of the ratio of HK WD, 
to HL, and of the ratio of FE to HL, (by Der 


23. 6.) therefore the ſame ratio will hg alſo com- Neaſur 
poſed of the ratio of FG to F C, and of the retio Wh the 
of FCtoHYV ;. and as the ratio of FG to HV, 
is alſo compoſed of the ratio of FG to FC, and 
of the ratio of FC to HV; the ratio of the 
aboveſaid rectangle, to the aboveſaid ſquare, will 
be equal to the ratio of FG to HV, as was ta 
be demonſtrated. | | | 


COROLLARY Ktang 


This Propoſition gives us the ſol- 

Fig. 33. — analogy, for finding the an- 
te | 

HRK the fine of one leg HL the fine total +: 

F G the difference between the versd ine if 

the baſe B C, and the vers d fine of the die- 

rence of the legs: F C a fourth fe. Then, 


FE Mars . 
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qd F E the fine of the other leg: HL the fine to- 
n to tal:: F C the fourth fine found: It V the 
Ant vers'd ſine of the angle A. 


E: 
nilar | | 
tan- ff A B is the radius of a circle, and B E the 


eing Ne of half the arches BD, DC; if, | 
tore Neher, we take C M, the difference of Fig. 34. 


ther, Ne arches B D, D C; I ſay, tbat the 
imi- e total ſhall be to B E, the fine of half the arches. 
s of WP, D C, as CH, the fine of half their difference, 
the WH Cl, the half of CL, or G N, which is the dif- 
the Whrence between the vers'd fine of the great Arch 
1 \ WD, and the vers'd fine of the leſſer one D C. 
(by Demonſtrat. Since the angle E AB, which is. 
on- Wreaſured by half the arch B C, is equal (by 20. 3.) 
rotio I the angle C MB or I HC, for CI being the 
IV CL, and C Hthe half of CM, I k will 
and e parallel to M L (by 2. 6.) the two rectangles 
the B E, IHC, will be fmilar ; and conſequently 
wall by 4.6.) AB: BE:: CH: CI. From whence 
S tu We conclude, that the rectangle contain'd under 
e line of the half of two arches, and the fine of 
their difference, will be always equal to the 
Hanzle contained under the ſine total, and half 
1 e difference of the vers'd ſines of the ſame 
01- Weles, 


EA M M & I 


e % The ſquare of A C, which is the fine of half 
e arch A B, is equal to the rectangle 

lier half the radius, and under the Fig. 35. 
rs d fine D B. Draw the perpendi- 

Wars A D, E C. 


Demon 


F 246: Þ 
Demonſtrat. The rectangled triangles A D 
E CB, having the angle B common, will be ſim 
lar; therefore (by 4. 6.) EB: B C:: BA: BD 
or the half of EB: BC:: BC half of AB 
BD, (by 16. 6.)&c, | 


Fa VI: 


In every triangle, as ABC, the rectangle un; 
der the ſines of the arches B A an 
Fig. 26. CA, is to the ſquare of the ſine tota 
as the rectangle under the fine of ha 
an arch compoſed of the baſe B C, and of the dif 
ference of the arches BA and AC; and under the 
fine of half the difference between the baſe, ar 
the difference of the arches AB and AC, to the 
{quare of the ſine of half the angle A. 
Demonſtrat. By the foregoing, the rectanglt 
under the fines of the arches AB and A C, is to 
the ſquare of the fine total, as the difference be 
tween the vers'd ſine of the baſe BC, and thi 
vers'd {ine of the difference of the arches A B and 
A C, to the vers'd fine of the angle A. Put | 
the place of theſe two laſt lines, two rectangles 
which ſha!l have the ſine total for their baſe, an 
thefe two lines for their height, or the half © 
theſe rectangles, and you will find that the rect 
angle under the fines of the arches AB and AC 
will be to the ſquare of the fine total, as the 
rectangle under the fine total, and under half the 
difference between the vers'd fine of the baſe B C 
and the vers'd fine of the difference of the arches 
AB and AC, is to the rectangle under half the 
fine total, and the vers'd fine of the angle A. Bub 
by Lemma 1. this third rectangle is equal to the 


rectangle under the ſine of half an arch compoſt 
og 


if the 
\B 

erenc 
pf th 
he f 


line « 
nder 
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. DB the baſe BC, and the difference of the arches 
> ſimi B and AC, and under the fine of half the dif- 
rence between the baſe BC, and the difference 
f the arches AB and AC; and by Lemma 2 
he fourth rectangle is equal to the ſquare of the 
ine of half the angle A. Therefore the rectangle 
nder the ſine of the arches AB and AC, Ec. 


COROLLARY 


A and 

total To find the angle A of the triangle ABC, of 
bf ha lich all the fides are known. 

je df | 


er tl 1. Add the logarithms which anſwer to the 
-, an ſines of the two arches AB, AC. 


2. Double the logarithm of the ſine total. 


, is t 3. Add the hgarithm which anſwers to the ſine 
ce be of half an arch compoſed of the baſe B C, 
nd the and of the difference of the arches A B, AC, 
B ane to the logarithm which anſtuers to the ſine 7 
Put 1 half the difference between the baſe, and the 
di ference of the arches A B, A C. 


ralf 0 Then will as have three terms, of which the 


e rect being ſubſtracted from the ſum of the two 
| A ClMters, half the remainder will be the logarithm 
9 in ſwering to the fine of half the angle A. 

141] the | 


e BC Note, If the ſides AC, AB, were equal, we 
arches ſhould draw a perpendicular upon the baſe, 
alf which would divide it equally, 

„Bu | | 

to the 

npoſe! 


"= | n Fo 


Fen 
P R O07, the Laſt, 


Let the triangle ABC be propoſed, where I. 

| A is the greateſt angle, and is alſo i ho 
Fig. 37. pole of the circle K F D; let B be Hao 
| pole of the circle HE D, and Cd D 
pole of the circle I E. "Theſe three circles e 


form the triangle F ED, of which the fide Fe 
oppoſite to the angle A, will be its ſupplemenſ bree 
the fide FE will be the meaſure of the angle Met 
and the arch D E the meaſure of the angle de 
Compleat the circle A C, and all the other arch alu 
till they terminate in the ſaid circle. 
Demonſtrat. Since the points A, B, C, aret 
oles of the circles K D, HD, I E, the ang 
„EK, L, M, G, H, will be right, (by Sp. 8.) 1 T. 
for the ſame reaſon the points D, E, F, wil 
the poles of the arches AB, BC, AC; ff 
whence it follows, that DG will be a quadr 
(by Sup. 4.) as FK; and G K, which mexlut | 
the ſupplement of the angle A, will be equal | 
F D. In the ſame manner EL, and FI, wil 
quadrants, and conſequently I L, which mea 7: 
the angle C, will be equal to the arch F E. Lap 
DH, and EM, will be quadrants; and con nent 
quently, H M, which meaſures the angle B, Mref 
be equal to the arch D E. 8 
Farther, the angles of the triangle F DF, 7 


be meaſured by the oppoſite ſides of the trial ta 
A B C; only that in the place of the gre: pl 
angle E, its ſupplement muſt be taken, [ ſbot 

Demorſt. The arch H B, and the arch A Sin 
are equal, being both quadrants, (by Sip. 4 


therefore G H, which meaſures the angle Y, 


equal to the ſide A B, &c, 
| C OR 
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COROLLARY 


If in the triangle AB C, the three angles are 
known, I ſuppoſe, in oppolition to it, | 
another triangle DE F, wherein making Fig. 38, 
DF the ſupplement of the angle A, I 
give to F Ethe value of the angle C, and to DE 
the value of the angle B. Then ſearching, by the 
foreg ding, the angles D, E, F, the angle E gives 
me the ſupplement of the fide BC, the angle D, 
the value of the fide A B, and the angle F, the 
value of the fide. A C. SO 


Obſerve, throughout all Trigonometry, 


That as thoſe analogies which have the fine 
total for their firſt term, are moſt commodi- 
ous for working, it will be convenient to 

change ſuch analogies as have it not, into 
others which have, which may be done by 
means of the following Reflections. 


will 
| 5 ff 
ladra 
1eaſul 
qual 
Will 
\cauf} 1- The fine total A B, is a mean 
LaiWWroportional between the fine comple- Fig. 39. 
con nent AC, and the ſecant AD. If 

B, wisW"«refore the following analogy were propoſed, 


FE, De fine complement of the latitude: fine to— 


trial tal 2 ine of the declination: fine of the am- 
grea plitude. 5 


[ hould change it into this, 
h A Sine total : ſecant of the latitude : : fine of i'e 
. declination ; fine of the amplitude, | 


2. The 


L420 J 


2. The fine total AB, is a mean proportions 
between the tangent B D, and the tan 

Fig. 40. gent complement B C, ſince the tri. 
angles ABC, ABD, are ſimilar, | 
chen the following analogy were propoſed, 


Tangent of the greateſt declination of the ſin, 
fine total : the tangent of the preſent deci. 


nation of the ſun; fine of its diſtance from it 


neareſt equinoctial point. 


J ſhould change it to this, 


Sine total : tangent complement of the great 
declination; & M. | 
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PRACTICAL GEOMETRY. 


SER Y PRACTICAL GEOMETRY, is here 
ABI meant in general, the art of meaſuring 
Lines, Surfaces, and Solids. | 


A 
Of LinEs. 
IGHT Lines, or Lengths, are meaſured by 


compariſon with other right Lines, whoſe _ 
lengths are known or determined, as a Fathom, 
la Foot, an Inch, &c, 


FR 03,4 


To meaſure Heights, 


If from the point A, a plummet B be ſuſpended 
by the line AB, and thro' the point D 

a line D C be drawn perpendicular to Hg. I, 
the line A B, the line C A will be what 

we call the height of the point A above the 
5 point D. . 

i | GG 7 


— —— eG ÜR: 


E 
This idea of height, though not quite exact, a; 
ſhall be ſhewn in another place is ſufficient at 
preſent for us to conclude the height of any 
thing to be a line ſenſibly parallel to the thread 
of a plummet, in the place of obſervation. 


2. Let it be propoſed to take the height of the 
tower A D. Place the foot of your 
inſtrument, (which may be either a 
quadrant, or a ſemicircle divided into 
degrees, Sc.) in any point of the horizontal line 
C D, whoſe length you may meaſure with your 
rule, then diſpoſing your inſtrument ſo that the 
plummet may play freely on the limb, look thro! 
the two ſights till you ſee the point A, the top 
of the tower; for then will the point A, and the 
two ſights be in the ſame right line A C, and the 
thread of the plummet F E being parallel to the 
perpendicular height of the tower A D, the angle 
E F C will be equal to the angle C A D, (by 15. 1.) 
which will be alternatively oppoſite to it, and 
conſequently the angle complement of the angle 
E F C will be equal to the angle C, the comple- 
ment of the angle A. Meaſuring therefore the 
line CD with your rule, you may reſolve the tri- 
angle A D C, (by Trzg. 12.) according to the fol- 
lowing analogy. | 

As the fine of the angle A: to the line CD:: 

the ſine of the angle C: to the line AD. | 

In the ſame manner you may find the length 
of the line C A, | 

You may allo reſolve or meaſure the triangle 
ACD mechanically, thus: Lay down from any 


Scale of equal parts, ſo many parts on the line 
| | | E F, 


Fig. 2. 


equal t 
equal 
where 


dicular 
ſimilar 


. 

E F, as you find feet or fathoms, Oc. in the line 
+ W CD, and _— the perpendicular F G, lay 

down the line G E, ſo as to make the angle 
i W FEGequal to the angle C; for then the triangle 
EF G being ſimilar to the triangle A C D, you 
may conclude, that there are as many feet or 
fathoms, &c. in the line A D, as you find parts of 
the line F E, in the line FG; fo that the line 
FE will ſerve as a ſcale, to meaſure all the lines 
of the triangle A D C. | 


3. If you were to meaſure the height of the 
rock A C, above- the ſurface of the | 
earth B, and could not apply your rule Fig. 3. 
to the horizontal line BC. Take two 
points, as B, D, any where in the line B C, fo 
that you may meaſure the diſtance BD with your 
rule, and can ſee the point A thro? the ſights of 
your inſtrument ; then at the point B take, as 
above, the angles BAC, ABC, and at the 
point D the angles DAC, CD A, which will 
furniſh you with the following analogies, 

As the ſine of the angle BAD: # the line 
BD:: the fine of the angle D B A: to the 
line AD. 

Then, As the fine of the angle C: to the line 
AD :: the ſine of the angle CD A: line 
A | 

Or mechanically ; laying down upon the line 
n EF fo many equal parts as there are fect, - &c. 
, between B and D, and making the angle G E F 
ole equal to the angle B, as the angle HF G mult be 


u equal to the angle D; then from the point G, 
} 
ine here the lines E G, F G meet, draw the perpen- 


N licular G H, and the figure H FE G, will be 
I milar to the figure BA, and the line F E 


will 


7 * — 1 ²˙ dy ns 8 rl ns uy 3 8 wee T A 
rr. ee — er rn 
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will ſerve as a ſcale for the meaſurement, that is, 
all the lines of the figure HF EG may be mea- 
ſured by the ſcale from which the line F E was 
laid down. 


4. If you cannot find two points in the ſame 
level, chuſe two points B, D, whoſe 
Fig. 4. diſtance you can meaſure at leaſt with 
a chord, and from both which you 

may ſee the point A, thro” the ſights of your in- 
ſtrument; then from the point B, take the angles 
DBC, ABC, BAC, and from the point D, 
the angles D AC, ADB, and you will have no 
trouble to reſolve the figure AD B C, or to make 
a ſimilar one EI G H, of which EI will be the 


ſcale. 


5. In the ſame manner may be mea- 
Fig. 5. ſured the lines A D, A B, from the top 
of a tower, provided we know the line 


AC, or D B, or D G. 
PRO r. II. 
Ti meaſure inacceſſible Diſtances. 


Suppoſe you would know the diſtance betwixt 
two trees A, B, ſtanding on the other 

Fig. 6. fide of a river: Chuſe two ſtations, as 
C, D, the diſtance between which you 

may meaſure; then planting your inſtrument at 
D, and taking care it lies truely horizontal, look 
thro” the ſights till you ſee the points C, A, B, ſo 
ſhall you find the angles A D B, BDC; do the 
ſame at the point C, to find the angles B CA, 
A CD, then will you be furniſh'd with ſufficient 
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(TY 
data to reſolve the figure A BCD, or to make a 
ſimilar one GH F E, meaſurable by the ſame 
ſcale from which you laid down the line FE. 
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55 PR O p. III. 

: To lay down the Ichnographical Plan of a place 
g | upon the ſpot. | | 

| An Ichnographical Plan is a figure ſimilar to 


that which the thing itſelf makes upon the earth's 
ſurface, Thus the Plan of a Houſe is a juſt re- 
preſentation of the figure ſuch houſe makes upon 
the level whereon it ſtands. 


© 
* 
5 
* 
\ 
* 
if 


1. Provide a ſcale divided into what parts you 
pleaſe, as ſuppoſe fathoms, feet, and 
inches, as in Fig 7, making your divi- Fig. 7. 
ſions for fathoms greater or leſs in pro- | 
portion, as you would have your Plan large or 
ſmall. | 

The uſe of this ſcale is very eaſy : For if 1 
would, for example, take upon it 3 fathoms 4 feet 
2 inches, I place one foot of my compaſſes on the 
point A, common to the line of 3 fathoms, and 
that of 2 inches, and extend the other foot to the 
point B, wbere the line of 2 inches cuts that of 
4 feet, and the diſtance A B, will evidently be 
3 fathoms 4 feet 2 inches. (See in the Appendix 


= 


1 
r p SS * 
+ l 
Bens 8 
3 "0 


5 the deſcription and uſe of Diagonal Scales.) 

2. Several inſtruments are uſed for taking the 
2 angle made by two walls, but the beſt 

5 ſort is that called a Metragon, made of Fig. 8. 
2 two rulers, join'd ſo at C, as that they | 


5 may open and ſhut; round the point C is de- 
5 (27 ſerib'd 
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ſcribed a circle divided into degrees, and on the | 


point C, or center, is fixed a ſmall index, which, 


as the rulers open or ſhut, runs thro” the diviſions, | 


and ſhews exactly the diſtance they ſtand at. 


The uſe of this inſtrument is, by applying one 
, ruler to one wall, and the other to the other, | 
either on the inſide, or the out, and the index 


will ſhew the angle they make with each other, 


3. Suppoſe it were required to take the ichno- | 
| graphical plan of the building ABC, | 
Fig. 9. Meaſure the length DE of the wall A, | 
| and taking the ſame meaſure from your | 
ſcale, ſet it upon the line HI; then taking the | 
length of the wall B, and the angle it makes with 
the wall A, ſet off from your ſcale the length of | 


the wall B, upon I K, laying down the line IK, 
ſo that the angle H IK, may be the ſame that 


the wall A makes with the wall B; do the fame | 


with all the other walls, and you will produce the 
figure HIKL M, which will be the plan of 
the building AB C. The reaſon of which i; 


evident. 


4. But becauſe the multitude of walls and 
angles to be taken in a large building, 

Fig. 10, may cauſe ſome error to lip in, and 
ſo hinder the cloſing of the figure, ob- 

ſerve the following method: Suppoſe a plan were 
to be taken of the building R. Extend the cher 
A B, divided into fathoms, feet, and inches, along 
one ſide, as A E, the length of which you may 
tranſport from your ſcale upon H I, which you 
may continue or produce as an obſcure line, to 
what length you pleaſe. Farther, having a large 


ſquare, flide one of its ſides along the chord, - 
| the 
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the other exactly anſwers to the point D, then 
take from your ſcale the diſtances AE, and E C, 
and having laid them down upon HIM, ſet 
likewiſe the diſtance C D upon the perpendicular 
MN, and the point N in the plan will repreſent 
the point D. Do the ſame for all the other points, 
as you may ſee in the figure, ſo ſhall the figure V 
be the exact plan of the building R. 

In this manner may the plan cf a City, with 
its ſeveral ſtreets, be eaſily taken. 


PRO y. IV. 
To take Ichnographical Plans at a :/tance, 


Suppoſe a plan were to be taken of the place A, 


Chuſe two ſtations, as B, C, as far 


from each other as you can convenient= Fig. II. 
hk, {( meaſuring the diſtance ) from 
whenee you may fee the malt atigle; of the place, 


as E, F, G, H, I, K, then fixing = inſtrument 
horizontally at the point B, take ( Fas - T7 


the angles EB C, FBC, GB C, 1 
KB "au do the ſame at the point C, 2 the Tug: 


KCB, les HCH, We then taking upon 


your paper two points M. N, to repreſent the 
points B, C, make the angles OM N, PMN, 


R MN, SMN, Se. equal to the angles EBC, 


FBC, G B, C, Ec. and the angles O N M, 
PN M, R N M, equal to the angles E CB, 
F-C GCB, 22 and the lines M O, Os 
meeting at the point O, as the lines M, NP. a 
the Point P, &c. will form the figure OPRSX . 
ſimilar to the figure EF GH IX. 

To proc eed "with the plan, you muſt take two 
other ſtations, D, L, which are repreſented in the 

8 4 plan 
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plan by two other points, as Z, Q, in making the 
angles TNZ, Z I N; equal to the angles 
K CD, D K C, and the angles Z TQ, QZ T, 
equal to the angles LED, LD K; it will be 
eaſy thus to take as many ſtations as you pleaſe, | 
doing in all reſpects as at the ſtations B, C, to take | 
in the whole circumference of the place. Each | 
ſide may then be meaſured by the . ſcale, from | 
which you took the lengths of your ſtationary |} 
lines. „ | | 


Note, I. It will be ſtill more eaſy to take plans 
of fields, and of roads, where you only f 
your inſtrument at ſome principal points, | 
which will ſerve as ſtations for taking thoſe | 
between them. | | 


2. When we are obliged to take the plan of any | 
place upon the fea, we uſe the Compals for 
taking the angles. e 
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To meaſure SURFACES. 
URFACES, or Superficies, are meaſured by 


compariſon with certain ſquares, denominated 
from their reſpective fides, as ſquare fathoms, or 
ſquare feet, &c. | | | 2 


Ob. NV. 
To meaſure plain Sur faces. 


r. To find the area or content of the rectangu- 
lar paralellogram AB CD, multiply its 
baſe AB by its height AD, and the Fig. 12. 
product will give you the content, that 
is,, the ſquares it contains: and as every other 
parallelogram, as A B F E, is equal to a rectangle 
of the ſame baſe and height ABCD, (by 35. 1.) 
its content will be found by multiplying its baſe 
by its height, as before, tho' it be not a rect- 
angle. | 


2, The triangle ABC, being the 
half of a parallelogram of the ſame baſe Fig. 13. 
and height, (by 37. 1.) to have its con- 
tent you mult either multiply its baſe by half its: 
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tent: For if IR be taken for the height of a tri- 


angle I R Þ will be equal to the polygon A. 


' - multiplying its radius by half its circumference. 
And thus we fhould find the quadrature of a 
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height, or its height by half its baſe, or multi. e 
plying the whole baſe by the whole height, take MI © 
half the product, =_ 


| 3. If in the trapezium A BCD, the de 

Fig. 14. lines A B, C D, are parallel, multiply | 
the half of A B, and the half of C D, by Wl bn 

Fig. 15. the height EF. But if they are not Wl © 


f n | | h 
parallel, multiply the diagonal A C by 
half the ſum of the ene en D E, BF. I pal 


R E M AR k. 


Thus Serveyors meaſure land, and thus Artifi- 
cers meaſure their works, as pavements, roofings, | 
and floors, &c. Theſe Propoſitions may alſo be 
applied to the Military Art, in finding what | 
number of men compoſe a battalion or ſquadron ; 
for it is but multiplying the number of men in 
rank by thoſe in file, and you have the anſwer. 


4. To find the area of a regular polygon, as A; 
| draw from the center A, the perpendi- 
Fig. 16. cular A B, to one of its ſides H C, 

which being multiplied by half the cir- 
cumference, or ſum of the ſides, will give the con- 


angle equal to B A, and the baſe IP be made 
equal to the circumference C DEF GH, the tri- 


5. As a circle may be taken for a polygon of 
an infinite number of ſides, to which its radius 
is perpendicular, its area may be alſo found by 


circle, 
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arcle, (which could never yet be obtain'd) if we 
could exactly determine the proportion between the 
circumference and the diameter. We can only 
find, by calculation, that the circumference is to 
the diameter nearly as 22 to 7, or 3,14159 to I. 

To meaſure a ſurface whoſe boundaries are 
{ome of them ſtrait lines, and others 
curve, divide it into ſeveral triangles, Fig. 17. 
which, by reaſon of their ſmallneſs, may 
paſs for rectilinear, without any conſiderable 
error. 


P R O p. VI. 


To meaſure curve Surfaces, 


t. To find the ſurface of a rectangular e 
multiply the circumference of its baſe, 
by its height; for if you imagine the Fig. 18. 
curve ſurface of a cylinder extended to 
a plain, it would become a rectangular parallelo- 
gram, whoſe height would be the height of the 
cylinder, and its baſe the ciscumference of che bale 


of the cylinder. 


If the cylinder A is not rectangular, you mult 
multiply the circumference of the baſe 
by the line BD; becauſe its ſurface Fig. 19. 
will be an infinite 'number of parallelo- 
grams, having all the ſame height B D, and whoſe 
baſes all together will make up the circumference 
of the baſe of the cylinder, 

2. If the circumference of the baſe 
of a right cone A, be multiplied by Fig. 20. 
balf its fide EF, it will produce the 
area of its ſurface; which is nothing elſe but an 

G 6 infi- 
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in*nite number of triangles, whoſe height is EF, 
and all whoſe baſes together form the circumfe-! 
rence of the baſe of the cone. 


Laws x LF 


If a right cone be cut by a plane parallel to its 
baſe, the common ſection D will be a! 


Fig. 21. circle, whoſe radii will all have the] 8 
ſame proportion to M A, the radius of line 

the baſe, as CD to CA, or as DO to MA, W line 
(by 4: 6.) and as this ſaid ſection will be perpen- poſe 
dicular to the axis CD A, (by 1. 11.) the part O d 
D C of the divided cone, will itſelf be a right para 
cone. | poſe 
who 

CM f N * 

| | inde 

If HG be ſuppoſed equal to the circumferenceW its h 
of the circle A, and L F equal to the fide CM; the f 
if alſo EF be equal to the fide C O, then will who! 
JE K, parallel to H G, be equal to the circum OB 
ference of the circle D. For the circumference ofi Drav 
the circle D, is to that of the circle A, as D O to D 
MA, or C D to CA, oras I K to G H, which C M 
was ſuppoſed equal to the circumference of the whic 
circle A. Thus the triangle FIK, will be equa com; 
to the ſurface of the cone D C, and the trapeziumi ment 
IK GF, will be equal to the ſurface of the or X 
ſection D A. | the x 


In the ſame manner, if we ſuppoſe the baſe Vence 
equally diſtant from the baſe D, and the baſe \Mfcircu: 
its circumference will be found equal to the ling cumf, 
RP of the trapezium, equally diltant from chq; the r. 
line HG, and the line K I. But the trapezium of the 
G HIK is equal to a rectangular paralleJogram 


0 
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of the ſame height, having RP for its baſe; 
therefore the ſurface of the ſection of a cone, is 
equal to a rectangular parallelogram, whoſe baſe 
is equal to the circumference of its mean baſe V, 


and height equal to the fide O M. 


L EMMA II. 


the Suppoſe the ſemicircle A K G, touch'd by the 

of Ml line O B in the point C, and by the 

A, line A E in the point A; further, ſup- Hg. 22. 
en- pole CB, CO, equal. Draw B E, 

art ON, and C M, parallel to AG; and LK, X F, 

ght parallel to A E; if then the whole figure be ſup- 


poſed to be turn'd about the perpendicular L K, 
whoſe point L is the center of the ſemicircle, the 
ine O E will deſcribe the ſurface of a right cy- 
linder, whoſe radius will be ON, or LA, and 
nceMW its height XF; and the line O B will deſcribe 
M; che ſurface of a ſection of a cone, the radius of 
will whoſe mean baſe ſhall be C M, and its fide 
um- OB; I fay, that theſe two ſurfaces will be equal. 
Draw L'C. © | 

Demon/irat. The rectangular triangles EO B, 
CML, are equiangulap, for the angle BCM, 
which is equal to the angle B, (by 15. x.) the 
complement of the angle O, is alſo the comple- 
ment of the angle LC M. Then (by 4. 6.) E O, 
f ter X F: OB: : CM: CL, or AL; and ſince 
| the radii are in the ſame ratio as the circumfe- 
fe V rences, (by 1. 12.) X F, or OE: OB:: the 
le \fl circumference of the mean baſe C M: the cir- 
2 ling cumference of the baſe A L. Therefore (by 15. 6.) 
n na the rectangle under O E, and the circumference 
ez. of the baſe A L, which is the ſurface of the cylin- 
875 der, 
0 
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der, is equal to the rectangle under O B, and the 
circumference of the mean baſe C M, which is the 
ſurface of the ſection of the cone. ; 

If the point B falls in the line LK, the ſame | 
thing will follow, tho* the cone be not 

Fig. 23. cut. For the triangles X BN, C LM, 
will be ſimilar, and conſequently BN, | 


erOE:XB:;CM:CL. 
FEE the 
COROL. I. * 


| 1f about the ſemicircle A be circumſcrib'd the heig 
polygon DBE, and the perpendiculan WM A 
Fig. 24. AB; DC, E F, be drawn upon the 


diameter D E; if, further, the whole N 
figure be ſuppoſed to be turn'd about the line 
„the ſides of the polygon will deſcribe ſur— 
faces of cones, which all together will be equal tc 
c 


the ſurface of the cylinder deſcrib'd by the line 
D C. But the ſemicircle is a polygon of an inh 
nite number of ſides; therefore the ſurface 6 
the demiglobe, which it deſcribes, will be eq 
to the ſurface of the cylinder deſcrib'd by thi 

line DC. 


So dor. u. 


If the ſurface of the cylinder, and that of t 
demiglobe, be each of them divide 
Fig. 25. into ſeveral parts by parallel plane 
each part of the one, will be equal 

the correſpondent part of the other. 


2353 
P R O p. VII. 


To find the ſurface of a demiglobe, multiply 

its radius by the circumference of one 

of its great circles, or by *3 of its dia- Fig. 26. 

meter. In the ſame manner, to meaſure 

the concavity of a vaulted or ſpherical roof, paſs 

acircle thro” its ſummit D, and thro* two points 

E, C, diametrically oppoſite ; then multiply the 

height A D by #3 of the diameter of fuch circle. 
All which follows from the preceding Corol. 


We take no notice here of ſurfaces deſcribed 


by the circumvolution of parabolas, hyperbo- 
las, ellipſes, &c. nor of bodies bounded by thoſe 
figures, as not being neceſſary to our preſent 


deſign. 
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4. 

mult 

1 Fn ur! 

To meaſure SOLTDS. AN 

of t] 

8 OLIDS are meaſured by compariſon with to 

certain known cubes, denominated from thei of a. 
reſpective ſides; as cubical fathoms, cubical 

feet, &c. | 

| num} 

PRO. VIII. | tente 

| the r 


1. To find the ſolidity or content of the rectanWM of th 
gular parallelipepidon A; multiply ti plyin; 
Fig. 27. arca of its baſe BC D E, by its heide wil b 
B F, becauſe if its baſe contains 4 fee de p3 

ſquare, and its height 2 feet, it will contain tw 


layers of 4 ſeet ſquare each. 6, 

| N equal 

2. If the parallelipepidon B is not rectangular 1 its 

| you muſt ſtill multiply its baſe by i urface 

Fig. 28. height G H, becauſe it is equal to ther 
| rectangular one of the ſame baſe auf, 

height. | M7. 

Trolon 


3. To find the content of a priſm, as A, mu neet j 
tiply the area of its baſe by its heiz!fcones 

Fig. 29. it being the half of the parallelipephle on; 
don AB EC, which is to be undeliſhe cor 


ſtood of all kinds of priſms, as well as triangui 
| one 
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ones, ſince they all may be divided into triangu- 
ar priſms ; and further, nee cylinders are priſms 
of an infinite number of ſides, we alſo multiply 
the area of their bafes by their height, to have 


their content. 


4- The area o& the baſc ny a py 1 1 A, being 
multi; DJ ied by the 3 > of its Pez] 1endicu- 
lar height A E, will give its content, Fig. 30. 
kecanſe it is but this one third of a priſm | 
of the ſame baſe and height (by 7. 12.) The ſame 
s to be underſtood of cones, which are pyramids 
af an infinite number of ſides. | 


5. A globe may be conſidered as an infinite 
number of pyramids, whofe vertexes meet in the 
enter, and whoſe baſes form the circumference : 
the radius of the globe will be the common height 

af the pyramids; conſequently therefore, multi- 
hing the ſurface of the globe by 3 of its radius, 
vil produce its content, that is, the content of all 


he pyramids compoling it. 


b. In the fame manner the ſector of a globe is 
1 to a cone, having the radius of a ſector 
for its height, and its baſe equal to the convex 
lurface of the ſector. Thus may a ſeCtor, or any 
ther part of a globe be eaſily meaſured. | 

7. To meaſure the ſection of a cone, as A B, 
prolong its ſides C D, E F, till they 
neet in the point K; "then meaſure the Fig. Zr. 
tones A K, B K, and ſubtract the lit- 
le one from the great one; the remainder will be 
te content of the ſection A B. 


Ts 
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To avoid a multitude of operations, the com- 
mon practice is, to multiply the baſe A, and theff 

baſe B, by the half of their diſtance A, B, tho'l U 
this way is not altogether exact. | | 


In order alſo to find more readily the content o 
the baſes by their diameters, we makel 

Fig. 32. uſe of a rule AB, divided in the fol- 
lowing manner. Take A D equal to 

1 foot 3 inches, and a little more than three lines, 
(which is the meaſure of the diameter of a circle 
equal to a foot ſquare) and ſet AC equal to AD 
perpendicular upon A B: it is then plain (b 
47. 1.) that C D will be the diameter of a baſe of 


T 


mp 


2 feet; make then A E equal to CD, and AF PP 

equal to CE, and A G equal to C F, Oc. an 7 i 

fo will you obtain the ſeveral divifions of you hay 

rule; and in the ſame manner alſo may you [a fend] 

down the halfs, and quarters, Thus we mcaſul n 

Veſſels, Maſts, Yards, Piles, &c, 10 f 
8. Other irregular bodies are meaſured by di 
viding them into priſms, and pyramids, and often 
times the ſhorteſt ways are preferr'd to the ex 

acteſt. Thus ſome gauge a ſhip as if it were 3 4 
priſm, by multiplying the length of its keel intq 

a triangle, whoſe height is the depth of the ſhip k * 

and its baſe the mean width, or length of the midi i 3 

Mip beam. | hl 

| it dety 

| 11. 1 

termin 

G5 Te! 

meet ( 
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Seme PROBLEMS 


50 T HIS Part in the Original contains five 
(by Problems, the firſt and ſecond of which be- 
- ff "2 the conſtruction of the French ſector, and the 


proportional compaſſes, and the fourth the man- 
ner of inſcribing regular polygons in a circle; as 


pendix to this work, and included the laſt in the 
extract I have added of the fourth Book of Zuclid, 
omitted in the French; I ſhall therefore here only 
ad the two following Problems, 


PROBLEM I. 
To make plain figures equal to others given, 


1, To make a parallelogram equal to a triangle 
AB C, let its baſe E B be equal to | 
alf the baſe of the triangle, aol make Fig. 33, 
between the parallels E B, CD, (by | 
41. 1.) But if the parallelogram muſt have a de- 
termin'd line L for its baſe, continue C P, till 
DK be equal to L, then drawing the K B, till it 
neet C E in the point F, ahd finiſhing the paral- 
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| lelogram CK FH, its complement BG HI will i 


be the parallelogram ee 


2. If you divide the right- lin'd figure given 


AB CD E, into three triangles, and 


Fig. 34. change thats triangles into three rect- 


angles having the ſame baſe F G, (by 
the preceding) placing them one upon another 


you will ma ake a rectangle equal to the rectilinear 


figure g given. 


2. If you ſeek a mean proportional between 
the baſe F G of the rectangle F G I H, and its 
height G H, (by 13. 6.) the ſquare of fach mean 
proportional will be equal to the rectangle FG HI, 
ED ny to the rectilineal figure A B 


PROBL E 31 II. 


Of the diviſion of right-lin'd plain figures. 


1. To divide a triangle into any number of 


parts, either equal or unequal. in any 
Fig. 35. proportion given; divide its bale AB 
into ſuch number of parts, and in ſuch 


proportion; then draw lines from the point C, to 


each diviſion: ſo ſhall the triangle be divided in 


the proportion required, (by 1. 3. ) 


2. In the ſame manner to divide the 
Fig. 36. parallelogram A B C D, divide its pa 
' Tallel ſides AB, CD. The ſame is to 


Fig. 37. be done with a trapezium, as A B CO, 


whoſe ſides A, C D, are parallel. 


2, 4 
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3. If the rectilinear figure AB C D E be to be 
divided in any given ratio; divide it 
into triangles, and make three rectan- Fig. 38. 
gles of the ſame height, equal to the 
three triangles, iz. LN, NO, OP, (by Prob. 1.) 
den divide the line L P according to the given 
ratio in the point R, and ſuppoſing that point 
falls in the baſe LN of the parallelogram, equal 
to the triangle CDE, divide D E in the point 8, 
in the ſame ratio as L N in the point R, and the 
line C'S will divide the rectilinear figure in the 
ratio given, as the perpendicular R Q divides 
the rectangle MP in the ſaid ratio, (by the pre- 
ceding) ſince the triangle C S K will be equal to 
the rectangle L M CR, both the one and the 
other having the ſame ratio. 
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ON | 


N 
terre ores 


M E CHANICK S. 


DEFINITIONS. 


NMX Y Mechanicks, is here meant the 
| B art of moving or raiſing heav wy 
bodies with facility, | 


2 


2. We call IWiight or Gravity that inclination 
heavy bodies to deſcend, or approach the center 
il the earth. 


J. By Motion we underſtand the ſucceſſiye pro- 

eon of a body from one place to another, and 
the quantity of ſuch motion we judge, 1. By 

de magnitude of the body moved. 2. By the 
Beth of the Tu it runs through in a limited 

k 1 1 


4. Velocity therefore is nothing elſe but the 


5 the body runs through in a time deter- 
un | 


5, Power, is that which gives the motion, 
Nether it be an animated thing, as the hand of 
man, or inanimate, as the weights of a clock. 

PHYSICAL | 
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PyuHyYsICAL SUPPOSITIONS, 


1. The Reſiſtance found in moving a body pro 
ceeds chiefly from two cauſes : 1. The body 
would ,move has ſometimes beforehand a contra 
motion to that we would give it, as when w 
would raiſe a weight which has a natural tendeng 
to deſcend. 2. At other times, the body we woul 
move cannot ſtir without the partition or diviſio 
of ſomething containing it, as when we wou 
move a body in the water. 


2. If two bodies are equal in all reſpects, : 
equal power is neceſſary to give them an cqu 


velocity of motion, (by Def. 3.) But to make oi 


body move with twice the velocity of another, 


double power muſt be applied, (by Def. 3.) ther 
fore every thing elſe being equal, the power mu 
be increaſed in the ſame ratio or proportion wit 
the velocity. 


3. A power can only communicate ſo much mt 


tion as is in itſelf, | 


4. Weight or Gravity being nothing elſe but: 
inclination or tendance towards the center of tl 
earth; that motion increaſes always in proporti 
with the weight. | 


5. A power cannot move a body, unleſs 
force be greater than the reſiſtance, or contrs 
motion of the body; and as the reſiſtance oi toy 
body increaſes in proportion to the velocity of 
motion, (by Def. 3.) it is evident the force of tha 
power ought to increaſe in the ſame pre port 
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with the velocity of the body, all other circum- 


ſtances remaining equal. The following Axiom 


may therefore be looked upon as infallible. 
A Power is capable of moving aBody, when the 


force of that power has a greater proportion to the 


contrary force of the body, than the velocity of the 
body to be moved has to the velocity of the pow- 
er, and not otherwiſe, 5 | 

Upon this principle then, (which exactly agrees 
with Definition 3.) the whole doctrine of Mecha- 
chanicks may be ſaid to depend, without ſearching 


after any others, as many authors do to no purpoſe. 


„b 


If the weights A and B are equal in all reſpeQs, 


ꝛznd are hung on the two ends of a ba- 


lance horizontaly ſuſpended at the Fig. 1, 
point C, ſo that the parts CA, CB, | 
are exactly equal, the weights will remain in 
equilibrium. | | 


Demonſt. The weight A cannot deſcend to 
the point D, without raiſing the weight B to the 
point G, which is impoſſible, (by Ax. preced.) 
lince its force has no greater proportion to the 
contrary force of B, than the ſpace of velocity 
FG of B, has to the ſpace or velocity, E D of A, 


R E M A&M 


It is true, that as the deſcent or aſcent of heavy 
bodies are meaſured by lines tendi . 
towards the center of the earth, as C B, Fig. 2. 
FA, the weight B will deſcend more | 

tian the weight A will riſe, For HG: GF:: 


AD: 
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AD: FA, and HG: GC:: EB, or AD: 
BC; then ſince G C is greater than G F, B C 
will be greater than FA. But as this difference 
will ceaſe upon placing the beam duly hori- 
zontal; ſo if the ſide on which the weight A 
hangs be inclin'd, then will the weight A have 
the advantage of the weight B, for the ſame 


reaſon. 


2. If the weight A is double the weight B, 
a and if reciprocally the diſtance CB is 
Fig. 3. double the diſtance C A, the weights 
will be ſtill in equilibrium. | 
Demon/?. The force of the weight A will be 
to the force of the weight B reciprocally, as the 
velocity or ſpace run thro' cf the weight B, vis. 
D F, to the velocity or ſpace E G, run thro' by 
the weight A ; therefore (by Ax.) the weight A 
cannot raiſe the weight B, nor the weight B the 
weight A. | | 
In this caſe it is alſo neceſſary, that the beam 
be perfectly horizontal, for the fame reaſon as 
before. | 


3- It is eaſy to conclude, that if the velocity 
of the weight B increaſes in greater proportion 
than the [abr of the weight A, the weight B 
will conſequently raiſe the weight A. | 


SG L 


From what has been ſaid it may be concluded, 
that the whole art of Mechanicks conſiſts in 
diminiſhing the vilocity of the weight to be 
moved, at the ſame time that we increaſe the 


velocity of the power cauſing ſuch movement. 


This 


Lever 
[ct lars 
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This may be done many ways, of which theſe 
that follow are the chief, 


P R Oo P. II. 


Of the Lever. 


1. If the bar AB he fo reſted on the point C, 
that the part B C be ſhorter than the 
3, part AC, when the power A deſcends, Fig. 4. 
is the weight B will be raiſed ; but the 
ts velocity of the power A will be greater than the, 
velocity of the weight B, in the ſame proportion 
be as CA is greater than C B; therefore the reſiſt- 


he Il ance of the weight B will diminiſh in the ſame 
iz. proportion with regard to the power A, (by Cor. 
by preced.) that is to ſay, its reſiſtance will become 


A to what it was before, as CB to CA. | 
We call the bar A B in this caſe, a Lever of 
the pr fl kind 


2. If the bar AB be reſted upon the point A, 
and the weight be hung at C, its re- 
ſſtance with regard to the power B, Eg. 5. 
will diminiſh in the ſame proportion 
as C A is leſs than B A, becauſe its velocity 
will be diminiſhed in that proportion. For 
lince the arch of the aſcent of the power B will 
have A B for its radius, the arch of the aſcent of 
the weight C, will have for its radius but C A. 
In this ſecond caſe, 'A B is called a Lever of the 
juded, Md trnd. | 
ſts in It will be eaſy to refer to theſe two kinds of 
to be levers, ſeveral forts of Inſtruments, as pinchers, 
fc the {Millars,- c. Cat | 
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Pre ML 
Of inclined Planes. 


If the weights A and D are faſtened to the 
| chord A E D, and the weight D de. i + 
Fig. 6. ſcends by the vertical line D E, whilſt | 
the weight A is raiſed up the inclined 
plane A E; the velocity or ſpace run thro' by the { 
weight A, when come to E, ſhall be meaſured |} 
by the line E D, fince that is the true height it is | 
Faiſed ; and the velocity or ſpace run thro' by the 
weight D, ſhall be meaſured by the line AE; I 
and conſequently the reſiſtance of the weight A 
will diminiſh with regard to the power D, in 
proportion as D E to ＋ A; that is to ſay, that a0 
upon the inclined plane A E, the reſiſtance of the 
weight A, will be to its own natural reſiſtance as 
ED to E A, ſuppoſing no impediment by fric- 
tion. 
Wedges, and nails are to be referred to inclined 
N 3 


planes. | > 


din 

| Of Pullies. h : 4 

1. The pullies A being fix'd, do not at all di- i 

| miniſh the reſiſtance of the weight C ** 
Fig. 7, 8. with reſpect to the power B, becauſe 4s 
they make no alteration in their velo- = 

city. On the contrary, the friction of the chord do t 


paſſing thro? the pullies, increaſes the reſiſtance of 
the weight; therefore ſuch fix d pullies are * 
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ved but for the more eaſy application of oreater 
powers. | : | 


2. To leſſen the friction of the chords, wheels 
are placed in the pullies ; which the bigger they 
are, the better, becauſe their circumferences have 


thereby the greater velocity with regard to the 


friction of the axis, beſides that they make fewer 
turns, 


3. If the weight A be faſtened to the moveable 
block A, and a rope being fix'd to the 
immoveable block B, paſs ſeveral times Fig. 9. 
thro' both, it is evident that the power | 
C, being applied to the end of the rope, cannot 
deſcend without raiſing the block A; but to 
raiſe it the whole len of the line A B, the 
power muſt deſcend as many times the length of 


the ſame line, as there are returns of the rope from 


one black to the other. So that the velocity of 
the weight A, will be to the velocity of the power 
C, as AB to the ſeveral turns of the rope; and 
confequently the reſiſtance of the weight will 
dminiſh in the ſame proportion, with regard to 
the power C. | 


4. It is to perceive how by this means the 
reſiſtance . may be — diminiſned, 
uz. by multiplying the turns of the rope, or in- 
creaſing the number of pullies, as in Fg. 9. 
wherein the reſiſtance is 4 times leſs with regard 


to the power C, which has 4 times its velocity, 


but becomes 16 times leſs with regard to the 
power D, which has 16 times a greater velocity. 
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F. Fer the ſame reafons, the weight A wilt 
have its whole force upon the rope which ſuſtaing þ 


the immoveable block B, becauſe it has the ſame 


velocity with the block B; for if the block B be 
let looſe, it will fall thro' juſt the ſame ſpace a3 
the weight itſelf would. But the weight A lays |} 
but 3 of its ſtreſs upon the rope which faſtens the 
end B to the block, becauſe if the ſaid end be 


unlooſed, it will have 4 times more velocity than 
the weight; ſo alſo the rope faſtening the end H 


to the block F, will bear but the 44 of the ſtreſs $ 


of the weight, becauſe that end will have 16 times 
the velocity of the weight, | 


PA O r. VI. 
Of Cafftons, Wheels, &c. 


1. When the power C, at the end of the bar 


A C, has turn'd the capſton A B, the 
Fig. 10. rope DF will be alſo turn'd round the 
axle D, and will have ſo far advanced 
the weight E; but at every turn of the capſton 
the power deſcribes the circumference. of a circle, 
whoſe radius is A C, and the weight E is only fo 


far advanced as is one turn of the rope about the | 
axle D; and conſequently the velocity of the 


power will be to the velocity of the ＋ * as the 
radius C A to the radius of the axle 

force of the power C will be augmented with re- 
gard to the weight E, in the ſame proportion. 


1 2. It is eaſy to apply the ſame conſi- 
Fig. 11. deration to Wheels, to Cranes, &c. But 


note, the power of wheels may be infi- 
nitely 


„ and the 


[1517 


nitely increaſed by mag, pinions, or ſmall wheelss 


among the great ones, For example, if the radius 
of the axle of the vertical wheel A, which has 
72 teeth horizontally placed, is but a fourth part 
of the radius E F of the handle D, and if the 
wheel C has but 6 teeth, which take the teeth of 
the wheel A, when the power D ſhall have made 
12 turns, the wheel A, and its axle, will have 
made but one, and the weight G will be rais'd 
but one turn of the chord about the axle HB; 
therefore the velocity of the power D will be to 
that of the weight G, as 12 turns of the handle to 
one turn of the axle H, or as 12 to 4, or as 48 
to 1; and conſequently the power D needs only be 
the 25 part of the weight G. | 


3. A thouſand machines may be made by the 
multiplication of wheels; but great care muſt be 
taken that the friction be as little as poſſible. 


Pro? VI 
Of the Screw. 


the powers D turn the ſcrews B, at each turn 
the weight A will be rais'd one notch, , 
and the power will deſcribe the circum- Fig. 12. 
ference of a circle whoſe, radius will be | 
BD; and conſequently the reſiſtance of the 
weight A, will be diminiſh'd with regard to the 
power D, in proportion as the height of the notch 
v to the circumference of the circle, whoſe radius, 
u was ſaid, is B D. | | | 
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P R Of. VIII. | 


Of Liquors. 


Tf the tube A is quadruple the tube B, with 


which it has a communication by the 


Fg. 13. channel C, and any liquor be put into | 
it, it will riſe to the ſame height in 


doth tubes. 


Demonſtrat. If there be 4 pounds weight of | 
liquor in the tube A, there will be 1 pound in | 


the tube B, ſince both. tubes will be equally 


fill'd. But the 4 pounds in the tube A cannot 

fink 1 Inch, for example, but the pound in the 
tube B muſt mount 4 inches: Therefore the ratio | 
of the force A, to the force B, being reciprocal- | 
Iy as the ratio of the velocity of B, to the velocity 


of A, the weight A cannot at all raiſe the weight 
B, (by Axiom.) 


2. If you put into the tube B, a different liquor 


from that in the tube A, it will ſtill remain in equi- 
librium, ſince the liquor in the tube B will weigh } 


as much as that in the tube A, if it riſe in the tu 

B to the ſame height as in the tube A: For ex- 
ample, if into the place of the pound of liquor in 
the tube B, a pound of other liquor be pour d, it 
will make an equilibrium with the 4 pounds in the 
tube A, to whatſoever height it riſes in the tube B. 
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COROL EL 


By this it appears, how ſmall. a cylinder of 
water may counterbalance all the water in the 
ſea. | | 


COROL. I. 


If the body A be put into water, it will ſo far 
ſmk as till it takes up a ſpace equal to a maſs of 
water of its own weight. 

| Demonſtrat. The body A, with the water 
under it, forms a cylinder, making an | 
equilibrium with all the reſt of the wa- Fg. 14. 
ter, as with another cylinder: There- EM 
fore (by Cor. preced.) this cylinder compoſed of 
the body A, and the water under it, ought not 
to ** more than if it was all water, and did 
not riſe above the ſurface of the water; therefore 
the body A weighs as much as the maſs of wa- 
ter, whoſe place it occupies under the ſurface of 
the water. | | 


COA O. I. 


In meaſuring the capacity of that part of a ſhip 
within the water we find its burden: For if, for 
example, we find the part of a ſhip which is un- 
der water to be equal to 1000 cubick feet, we 
conclude, that the ſhip, with all its lading, &c. 
is equal in weight to 1000 cubick "feet of 
water. 8 


Hs Prom 


ment of DB F, v 

ABI, which together with the angle D B F makes 
but an acute angle. Imagining therefore the angle 
LD g equal to the angle A B I and the alternate in- 
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FPS IX. 
Of ſuſpended B.dies. 


Lemma I. 


If from any point, as G, of the line B G, the 
arch B D be deſcribed, and the right 

Fig. 15. lines B D, B A, be drawn, and D F 

fall perpendicularly upon B A; laſtly, 

if AT be parallel to B D, I fay, 1. That when the 
point F is between the points A. and B, B D will 
have a leſs ratio to B F, than B A to Al. | 


Demonſt. The 2 B D F being the comple- 
1 


be greater than the angle 


terior angles B AI, A BD, being equal, (by IS. 1.) 
the triangles DB L, B AI, will be ſimilar; and 
conſequently (by 4.6.) BA: AI:: DB: BL; 
but BD is leſs with regard to B F, than to B L, 
(by 8. 5.) therefore B D is leſs with reſpect to B F, 
than B A to Al. 


2. If the point B fall between the point F, and the 
int A, B D will have a greater ratio to 


Fig. 16. B F, than B A to A I. 


Demon. The angle B D F being but the com- 
plement of D B F, or A B L, will be leſs than the | 
angle A BI, which, with A B L, makes an obtuſe 
__ ; for G BD is acute, (by 16. 3.) therefore the 


reſt will follow, as above. 
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If inſtead of BD, another line be drawn, as 
BC, and from the point C, the arch : 
ED be deſcribed, and A H drawn pa- Fig. 15. 
rallel to BC, I ſay, 1. That when the 
point F falls between the points A and B, E B. 
will have a leſs ratio to B F, than BAto AH. 
Draw the line EF. 

 Demonſt. Since the alternate AIR E B F, 
B A H, are equal, it only remains to prove, that 
AB H is leſs than BEF, (by preced.) which is 
evident : for if thro” the three points D, E, B, a. 
circle be deſcribed, the point F will be found 
within it, ſince the angle BE D is obtuſe, and 
BF D right; therefore the Angle FEB being 
ſubtended by a greater arch F bony BDF, will be 
greater, (by 22. 3.) but the angle B D F is greater 
than A B H, becauſe it is the complement of the: 
angle AB D, which, with A B H, makes but an 
acute Angle; therefore the 1 B EF will be 
greater than A B H. 


2. If the point B falls between the point A and 
the point F, B E will have a greater 
ratio to B F, than B A to AH, becauſe Fig. 16. 
the angle B EF is leſs than B D F. 

Demon/t. If a circle be deſcribed thro* the 
three points B, D, F, the point E will fall without 
the circle, beciuſe the angle BF D. is right, and 
the angle B E D acute; therefore the 3 B EF 
will be leſs than BD F, which being but the com- 
picment of DBF, will be leſs than ABI. | 


H 6 - = 
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If the the weight B is ſuſpended by a chord, one 
= end of which, as H is fixed, and the 
Fig. 17. other end D, paſſing thro' the pully K, 

ſuſtains the weight D; I fay, that 
when the weight B, ſhall be to the weight D, as 
the line of direction AB to A L, parallel to the 
line BN, that then the weights ſhall be in equi- 
librium. | Lone EL” 
Demonſtrat. As the weight D cannot raiſe the 
weight B, to the point G, (by Ax) becauſe its 
velocity BG, bears a leſs proportion to the velo- 


city BE, of the weight B, (by Lem. 1. & 2.) than. 


the force of the weight B, to the force of the 


weight D, fo neither can the weight B, deſcend 


to the point I, (by Ax.) becauſe the velocity BF, 
of the weight D, bears a greater proportion to the 
velocity B R, of the weight B, than the force of 
the weight B, has to the force of the weight D, 
(by Lem. 1. & 2.) and conſequently they will re- 
main in equilibrium, (by Ax. | 

If the point H be not fx'd, but the chord paſ- 
ſing thro” the pully ſuſtains the weight C, it will 
ſtill be the ſame thing; for the weight C will 
only ſerve to ſhorten the chord HB; to tlat we 
may conclude, that if the three weights D, B, C, 
are in equilibrium, the weight B will be to the 
weight D, as BA to AL, and to the weight C, 
as B A to AN, which is ſuppoſed parallel to HL; 
and conſequently the weight D, will be to the 
weight C, as AL to AN, or as the fine of the 
angle A B L, to the fine of the angle A BN. 


PR Or. 
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ÞP x 0 35 
Of Acceleration, 


Acceleration is the augmentation or increaſe of 
motion, cauſed by a continual application of the 
power. 


The terms of an arithmetical progreſſion, be- 
ginning with o, are only equat to the half of an 
equal number of terms, each equal to the laſt 
term of the progreſſion. | 

Demomſt. It you take two terms of the pro- 
greſſion, of which the one A, is as far diſtant 
from the laſt C, as the other B, from the firſt o, 
their ſum will be equal but to the laſt term C; 
becauſe the term C exceeds the term A, juſt as 
the term B exceeds o: Thus taking all the terms 
of che progreſſions two and two, each ſum will Be 
equal to the laſt term C; therefore ſince the 
number of theſe ſums will be but half the num- 
ber of the terms, conſequently the ſum of all the 
terms of the progreſſion will be but half the ſum 
of the ſame number of terms, each equal to the laſt 


term C. 


1. If the weight A, falling im a free medium, 
run thro* the ſpace A B, during the firſt 
minute of its fall; during the ſecond, Fig. 18. 
it will run thro' the ſpace B C, which 
is triple the ſpace AB. | 


cr. ao YI 6 
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Demonſt. Experience teaches us, that gravity 


continually increaſes the motion of heavy bodies, 
in their deſcent towards the center of the earth, | 


Thus imagining the firſt minute divided into an 
infinite number of parts, we may conceive the 
motion of the weight A equally augmented thro 
each of thoſe parts; and that having had no mo- 


tion in the beginning of the minute, during the: 
ſecond part of the time, it will have run thro' one 
part of the ſpace A B; then 2 in the third, 3 in. 
the fourth, Se. We may further conceive, that | 


throughout all the parts of the ſecond minute, it 


will have the fame motion it had at the end of | 


the firſt ;, and conſequently, if the weight A re- 


ceived no new motion. during the ſecond minute, 


it would run thro' a ſpace double the ſpace A B; 
then ſince it does acquire a new motion, equal 
to that it got during the firſt minute, it will run 
thro? a ſpace triple to the ſpace A B. 


2.. In the ſame manner it may be proved, that 
during the third minute it will run thro the ſpace 


CD, which is five times the ſpace A B; from 


whence we conclude, that the ſpaces run thro' 
will be in a duplicate ratio to the time of the de- 
ſcent, or as their ſquares. | 


A. The impreſſion made by one body upon 
another, is more or leſs according to the motion; 
that is to ſay, (according to Def. 3.) with regard 


either to the bulk of the body, or its velocity. 
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COROLLARY. I 
If the weight A in its fall ſtrike a body at the 


font C, the impreſſion it will there | 
make upon ſuch body, will be quadru- Fig. 18. 
le what it would have been at the 


int B. Thus the, impreſſions made by a body 


vlling, increaſe in a duplicate ratio of the time of 
their deſcent,, or as the ſpaces they run through. 


COROL. I 


If in the room of a dead weight, we ſubſtitute: 


2 living power, as a man's hand A, 

friking a mallet againſt the wedge B, Fig. 19. 
He ſame: reaſoning: will hold good, that 

1s, the impreſſion of the mallet A on the wedge B, 
vill be as the ſpace A B. 


CORO. 1h 


It is not altogether the ſame thing with reſpect 
to ſprings, becauſe their force decreaſes. in pro- 
portion as they approach. their. natural 
ituation.. Thus tl impreſſion made Fig. 20. 
by the ſtring of a bow upon an arrow 
B, will not increaſe as the ſpaces B B. 


CORO Lo IV» 


Two bodies equal in every reſpect falling from 
the ſame height, will make the ſame impreſſion 
on the body they ſtrike; or if two unequal bodies 
all from different heights, if the height of the 
aſt is to the height of the ſecond reciprocally as 

; | the 
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4. If a lever A C, without gravity, were 0 


Fig. 21. turn upon it, and being fo raiſed as to 


in both caſes. 


* 


ks T 


the weight of the ſecond to the weight of the 
firſt, their impreſſions will be likewiſe equal, 


got v. Br 


One body ſimply laid upon another, will make 
the ſame impreſſion on it, as would another body 
falling from above, provided the acquired velo- 
city of the one is to the ſimple motion of the 
other, reciprocally as the gravity of the firſt to the 
the gravity of the ſecond. But as we know not f A 
the 3 motion of heavy bodies, that is to ſay, ¶ nie: 
the motion they would have if they were to de- fer 
ſcend without acceleration, we can determine no- 
thing upon that point. | 


faſten'd at the point A, as that it migh 


form any angle with the horizontal 
line AB; if then a weight had been placed upon 
point as D, the lever will fall towards the hori- 
zontal line A B, with leſs velocity, than if the 
ſame weight had been applied at the point C 
becauſe the gravity of the lever will be the ſame 


COROLIART. 


If the weight be placed at the point D, it wil B 
not fall with ſo much force as if it were placed at whe 
the point C; nor will the impreſſion it makes be n 

upon the body upon which it falls be ſo great" 1 


and therefore it is, that the longer the handle of 7 
hammer is, the greater is the force of the blow. 
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pA > r. II. 


The Application of theſe Principles to fome Problems 
uſeful at Sea. 5 


I. Mith regard to Acceleration. 


Suppoſe the anchor A fixed in the bottom of 
the fea ; to the end of the buoy-rope | 
A B, faſten a block B, thro' which Fig. 22. 
rieve a rope, faſten'd at one end to the . 
ſtern of the boat C D, fo that the other end 
paſſing thro' the blocks C and D, (fix'd in the 
ſtern and ſtem of the boat, ma 
aboard the ſhip, which is likewiſe ſuppoſed to 
have an anchor out a- ſtern: It will then be eaſy 
to imagine, that when that part of the rope on 
board, is haul'd with due force, the boat will be 
lawn towards the anchor; and as the force of 
hauling is continued, the motion of the boat will 
de augmented; when therefore the boat comes 
pique the anchor, not being able to approach it 
nearer, it will draw the anchor with fuch force 


x to raiſe it; and the cable being recovered, it 


may be brought aboard. 
COROLLARY. 


By this means an anchor may be weigh'd, 
when by reaſon of the enemies fire, a boat cannot 
de mann'd out with fafety to recover it; it being 
in this caſe ſufficient only to ſend out a driver to 
iu the block, and rieve the rope, | 


2 Wi 


be brought 
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2. IWith reſpect to ſuſpended Bodees, ul 


t. Suppoſe the rope or tack A B, of which the ter 

dend A, after paſhng round a block A, che 
Fig. 23. is extended to the power F, which s f. 

holds it, and the other end B, paſſing WM poin 

likewiſe thro' the block B, is faſten'd to the clue wor 
of the ſail E: Laying then hold of the rope at 
the point C, it may be eaſily drawn towards D, 
till the reſiſtance of the fail is to the force of the 
power D, as the ſine of the angle CAD to the 1. 
{ine of the angle C D A, (by Prop. 9.) without de 
obliging the power F to give way, ſince the block We 
A, againſt which the rope A B bears hard, being 
immoveable, will not let it run, When therefore 
the power D returns to the point C, the power F 
will recover part of the rope AD B, cſpecially 
if the power 5 oppoſes- ite to the power E, in 
drawing the rope towards A. Thus after ſeveral 
attempts the tack may be belayed as it ought, 


2. Suppoſe the cable AB, one end of which is 
fix'd in the veſſel A, and the other 

Fig. 24. faſten'd to the anchor B; ſuppoſe ano- 
| ther ſhorter cable B D: It is evident, 
that theſe two cables being ſuſpended between the 
two points to which they are fix'd, the cable A B 
will bear hardeſt upon both points, and alſo with 
reſpect to itſelf, as being heavieſt : Notwith- 
ſtanding which, the anchor B will ſtrain leſs upon 
the cable A B, than upon the cable BN; and the 
cable A B will be lefs ſubject to break, or part, 
as the ſeamen phraſe it; 1. Becauſe the cable A B 
being longer, will form a more concave figure, (by 
Prep. 9.) great part thereof will reſt upon the 
| 1 ground 
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ound near the anchor; upon which therefore it 
will have leſs ſtrain, and particularly will not 
raiſe up its ring, as the cable B D, which renders 
the t more liable to break its hold. 2. Becauſe 
A, chen the ſwell of the ſea raiſes the ſhip's head, 
hich WM from the point A to the point C, or from the 


fins WM point D to the point E, its effect is plainly greater 


clue pon the cable B D, than upon the cable BA. 


D, 3. Mitb reſpect to Liquors. 


the 21. If an unladen ſhip A, be aground in a haven, 
hout de may eaſily be floated, by placing on 

lock ech fide a lighter or barge, ſo loaden Fig. 25, 
ing bat their gunnels be brought down al. 
fore noſt to the ſurface of water, then fixing 
er F eeams in the ports of the ſhip, let them reſt upon 
ially Wthe ſides of the lighters, extending quite over on 
„ in boch ſides, then lightening the lighters, as they 
ie, they will lift up the ſhip. | „ 


2. The ſame thing may be done with large 


de ſides of the ſhip, the water being pump'd out 
wil in like manner raiſe the ſhip, as the veſſels 


_ tegin to float upon the water. 
1 the 
5 4. With reſpect to Cranes and Pullies. 


The uſe of Cranes and Pullies is fo common.. 


upon at I ſhall not need to dwell much upon it, I 
d the Wall therefore juſt obſerve, that what obſtructs 
1 5 e force of capſtons when the ſhip or boat is 


ought a-pique the anchor, not only proceeds 
om the reſiſtance of the anchor itſelf before it 
uts its hold, but alſo from the rubbing of wa 

| d . cable 


reſlels fill'd with water, which being faſten'd to 
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cable in the hawſe. When therefore the anchor's] 
hold ſeems too great for the power of the capſton, 

fix a rope (or meſſenger, as the feamen 

Fig. 26, term it) upon ſome part of the cable, 
q a3 B, and after having brought a large 

tackle upon it, bring the fall of the tackle to thef 
capſton, which then will raiſe the anchor without MF 
difficulty, not only as the tackle will have a better 
purchaſe, and will conſequently augment the 
force, but becauſe the rubbing of the cable in the 
hawſe will likewiſe be thereby prevented. 1 


& 7 


R E M A R k. 


Sometimes an anchor is ſo fix'd or buried in 
the ground, that nothing is able to raiſe it. In 
ſuch caſe, if the tides are conſiderable, they let 
the ſhip ride with her cable as much as poſſibleſi ſeq 
a-pique during the ebb, and then as the ſhip riſes 

with the flood, either the anchor is raiſed, or the 

cable breaks. Z 


* With reſpett to Levers, 
- To raiſe a yard or maſt, as A B, to place it i 


|S” a ſhip, it is moſt convenient to faſte 2 
Fig. 27. the purchaſe at the end A; for if it be 

ſeiz'd by the middle C, the reſiſtance 3 

will be found twice as great, (by Prop. 2.) and if 17 

it be ſeiz'd about the end B, which is ſtill farther © © 

diſtant from the place it is to be drawn to, a (ti Pen 

greater force mult be applied. | a 
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tou FORTIFICATIONS 
* 
n the 


XX O /ortify a Place, is to put it into a 
5 T 3 condition of being defended by 'a few 


men againſt the attack of a much 

os greater number, As the ſeveral Rules 
ed in laid down in this Tract are all con- 
„ Inf formable with this definition, ſo the following 


y let Axioms may be look'd upon as immediate con- 
fable ſequences thereof. 

) riſes | 

or the AXIOMS 


1. The Fortifications of a place ought to be as 
little extended as poſſible. 


2, They ought to be as ee as poſſible. 


3. They ought to be ſo contrived as at once to 
cover the defendants, and diſcover the approaches 
of the enemy, and adapted to the common wea- 
pons of defence. 


4. They ought, 2s much as poſſible, to be ſuch 
a are eaſy to build, hard to deſtroy, and not diffi- 
cult to be repaired, 


TI 5. Each 


4 166 3 


5. Each part ſhould be defended by as many 
places as may be, and liable to be attack'd fron 
as few places as poſſible, 


DEFINITIONS. 


1. The Rampart is a bank of earth; 
Fig. x, encompaſſing the place within the 


walls, as E B E. 


2. A Baſtion is an advanced part of the ram 
part, in form of a Pentagon, as B. 


3. The Curtain is that part of the rampar 
lying between two baſtions, as E. 


4. The Maat is a large ditch encompaſſing the 
place without the walls, uſually fill'd with water, 


as HF, HF. 


5. The Cover d May, FFF, is a paſſage along 
the border of the ditch oppoſite to the place, and 
is covered with a bank of earth falling ſlopeways 
towards the country, till it comes to the level of 


the ground. This flope is call'd the Glacis, as 


6. The Profile of a Fortification is the ſection 
made by a plane cutting it from the middle A, 
to the extremity of the glacis K. There are 
commonly two made, one paſſing thro' the mid- 
dle of the curtain, the other thro' the middle of 
the baſtion, | | 


7. In 
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7. In the Profile A R, ſuppoſed to paſs thro' 
he middle of the curtain, there are | 
obe confider'd, 1. The Place of arms Fig. 2. 
, which is a ftreet or void ſpace be- 

ween the houſes and the rampart. 2. The Talus 
dope of the rampart B C. 3. The Rampart 
D. 4. The Banquet or little bank D. 5. The 
pper ſurface, of which E is call'd the Parapet. 
The Sone face or front of the wall V. 7. The 
ſurpe, or ſteep bank of the ditch next the town 
R. 8. The MAZcat or ditch R L. q. The 
hannel of the moat I'. 10. The Counter/carp, 
that bank of the ditch oppoſite to the place . 
l. The Gover'd IVay L. 12. The Paliſade N. 
z The Glacis of the counterſcarp M. 


many 
tro 


earthy 
the 


ram 


mpar 


» thefWl 8. The lines F g being prolonged to the curtain, 
vater, re call'd lines of defence; and the 


ne g H g, which they form, is call'd Fig. 1. 
Je fanbing angle. The planes F g of 


along e baſtion are call'd its Faces ; the planes a g its 
; and,; and the planes a B its demigorges. The 
ways ele of the faces g Fg is the flanked angle; the. 
vel of le g a a, is the angle of the flank; the angle 


ig F, the angle of the epaul or ſhoulder ; the 
nele a B a, the angle of the gorge; the angle BAB, 
le angle of the center. | | 


, As 


ction | 
e A, P R O P. 1 

2 AIC | : | | 
mid- Ne manner of laying down upon paper the Pian 


lle of of a regular Fortification. 


Regular Fortifications are ſuch as are made 
fon a regular Polygon, 


7. In 5 
1, Meaſure 
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1. Meaſure exactly the circuit of the place t. 
be fortified, at about 12 paces diſtant from th 
kouſes, and divide the whole circuit by 150 gec 
metrical paces at leaſt, or by 180 at moſt, and th 
quotient will give the number of baſtions, in ſucl 


' manner that their lines of dcfence ſhall not excee 


the carriage of a muſquet. 


2. Inſcribe in a circle, a polygon with as man 
| ſides as the wlace is to have baſtion {MI : 
Fig. 3. and from the center A, thro' the ang 

B of the polygon, draw lines at plea 
ſure, which lines are call'd Principals. After 
wards take B c equal to 4 of the fide of the po 
gon, and BD equal to gz, then draw the lines 
defence I) c, and from each point c, raiſe perpen 


diculars, which meeting the lines of defence in th t 
points E, will form the baſtions c E D E c. 

This method ſeems preferable to all others, : 
it is the moſt ſimple, and makes the baſtions we + 
proportioned : It avoids forming the flanked ange 5 
too acute, or too obtuſe, and gives the flank 2 ( 
the extent it is capable of, tl 

3. Having thus deſcribed the outward circui ö 
of the rampart, draw from the angles of the ſhoulii d 
der E the lines E M, parrallel to the faces D H 47 
which will meet each other in the principal lin th 
at the points M, and before the curtains in ti 7 
points G, and ſo will determine the outward cir { 


cuit of the moat M, M, M, which ought to b 


rounded before the angles D, by an arch deſcribe 
from the point D, having for its radius the pe! 


4 T 


pendiculars Dy. 
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C8 t. 4. To finiſh the plan, draw within the place 


n th lines parallel to thoſe which form the outward 
| ged circuit of the rampart: I. At the diſtance of + of 
d th the flank, for the parapets. 2. At the diſtance 
1 ſuc] of Z the demigorge, for the ramparts, 3. At the 
cee diſtance of 5 paces from the rampart, for the place 


of arms. 4. At the diſtance of 16 foot within the 
rampart, for its talus or ſlope, 5. At the diitance 


man of 5 foot, from the parapet, for the banquet. In 
tions the ſame manner, on the outſide of the moat, muſt 
ang be drawn lines parallel to its outward circuit: 
pleaz 1. At the diſtance of 3 of the flank, for the cover'd 


After way. 2. At the diſtance of f of the flank, for 
> poly the glacis. | ITE 
nes | ; 
erpen 5. It will be eaſy to lay down the profile, and 
in th to aſſign the ſeveral heights : For ſup- 
poling A R to repreſent the level of the Fig. 2. 
plane; take AB, 5 paces, for the place off 
ers, arms B A, and the perpendicular O C, 16 foot, for 
15 We the talus or {lope B C; the thickneſs of the lower 
ang | part of the rampart B R, 12 paces, the upper part 
ank a CD to the banquet, 6 paces 5 ; the banquet 6 foot; 
the thickneſs of the lower part of the parapet D V, 
2 paces 4; the upper part 2 paces x; its inward 
height E D 6 foot; its outward height E V, 5 foot; 
the talus of the rampart G R to the moat, 7 foot; 
and the talus of the ſcarp x y, 2 paces ; the depth of 
the moat x R, let be 16 foot; the width of its channel 
T, 15 foot; the talus of the counterſcarp a K, 10 
foot; the banquet, of the cover d way, 5 foot. 
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| WT 7 
Formerly it was an uſual practice to raiſe at the 
foot of the ſcarp a bank of 30 or 40 foot broad, 
ſhelter'd with a parapet of 15 foot thick, and 6 foot 
high, which was call'd the /ay/drare ; but as ſuch 
place is too much expoſed to be of any great ſervice, 
it is not now uſed. 


„ 
As the flanks are the grand defence of Fortiſi- 
cations, they are ſometimes cover d with an oreillon, 
or an epaulement, after different manners. 


1. Divide the flank B A equally in the point E, 
| and raiſe the perpendicular E D; of the 

Pig. 4. flank; then draw DC parallel to the flank, 

till it meet the face prolong'd in the point 

C, ſo ſhall you have the epaulement BC D E. But 
if you would have an oreillon, from the point F, 
where the line E D meets with the face, with the 
diſtance F C, deſcribe the arch D C; and from the 
middle of that arch G, with the diſtance G C, de- 
ſcribe an arch which will form the oreillion BCD E. 


2. Mr. Jauban's flanks may likewiſe be very 
nearly imitated, thus; Take BC of 

Fig. 5. the flank, and from the point C draw 
F C equal to BC, in ſuch manner that 
being prolong d it will meet the flank'd angle of 
the next baſtion : Farther from the point E, 
where the face prolong'd meets with it, with the 


diſtance E F deſcribe an arch F G, the _ - 
| whic 
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which H, will give you the center of the arch B C. 

Laſtly, from the point D, the middle of the line 
CA, with the diſtance D F, deſcribe the arch 


F K, 'which will meet the line of defence in the 


point K, and draw K A, which will finiſh the 
Hank AK FCB G. „ 


III. 


| I fay nothing of Caſemates, which are now in 


32 manner out of uſe. 


PROP. IL 
To lay drwn Outworks upon paper. 


Under the name of Outworks is here compre- 
kended every kind of work detached or ſeparated 
from the rampart of the place, advancing farther 
towards the campaign, 85 


1. To raiſe a ravelin before the curtain: From 
the middle of the curtain A, draw an | 
indeterminate perpendicular, upon which Fig. 6. 
ſet off A E equal to the curtain, and 
from the point E draw lines to the angles of the 
thoulder, which cutting the outward bank of the 
moat in the points C, will give the outward circuit 
of the ravelin ECBCE. As to the thickneſs of 
its parapet, its cover'd way, and its glacis, they take 
their proportions from thoſe of the place itſelf; but 
the width and depth of the ditch are but of half the 
dimenſions allow'd to the grand moat of the place; 


which obſervation is general with reſpect to all forts 
ot outworks. 5 


12 | 2. To 
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2. To erect an Half moon before the flank'd angle: 
Take upon the principal line from the 
Fig. 7. point o, where it cuts the out- ſide of the 
| moat o B, equal to 3 of the face; then 
having drawn, from the point B, lines to the flank- 
ing angle G, produce the faces F A, till they cut the 
bank of the moat in the points D, and the lines B 
in the point E, and you will have the exterior cir- 
Cuit of the half- moon o DEB E D. 


3. For Horn-works : From the middle of the cur- 
tain A, draw the perpendicular A B, 

Fig. 8. equal to the fide of the polygon N N, 
9, 10. and from the angles of the flank G, 
draw G C parallels, and equal to the 


line AB, they will cut the outward bank of the 
moat in the points D; then take B E 


Fzg. 8,9. equal to 4 of the curtain, and draw 
| CE, which will finith the horn-work 
Pere, 


Or if you like jt better, taking C Eg of CC, 
and CF z of CC, draw the perpendiculars E H 
5 upon the line F F, and they will cut 
Fig. 10. the lines of defence C H in the points 


O, and ſo will give the circuit of the 


horn- work DF COH HO CFP. 


Or laſtly, from the point B, drawing the perpen- 
diculars B C equal to half the curtain, the lines A C 
will cut the outward bank of the moat of the half - 
moon in the points D; then having taken B O, and 
BE, f of CC, and having drawn the lines C E, from 
the middle of them G, draw G O, and you will have 


the outward circuit of a ſwallow's tail —— 
| 4. For 


cut 
ints 


the 
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4. For Crown-works: 1. From the angle of 
the polygon A, upon the principal line | 
take A B, equal to 5 the {ide of the po- Fig. II. 
lygon; then making B C on both ſides | 
equal, and parallel to the ſides of the polygon, 
draw from the angles of the flank E the lines E C, 
which will cut the outward bank of the moat in 
the points D. Farther, make two demi-baſtions 
upon the lines, on each fide one, after the manner 
lad down in the ſecond manner of deſcribing 
a horn-work, (vide Fig. 9.) and you will have 
the exterior circuit of the crown-work D C GH 


BG BGCHHOED 


2. The ſame thing may be done in drawing 
AB from the middle of the curtain, 

and making the angle CB C equal to Fig. 12. 
the angle of the polygon. | 


_" Prop, IL 
The Demon/tration of the foregoing Rules. 


To demonſtrate the foregoing rules, let them be 
applied to ſeveral polygons, and it will appear 
that they will always produce Fortifications con- 
formable to the axioms at firſt laid down, more 
en the following faults will conſtantly be 
avoided. | 


1. It is a great miſtake in Fortifications, when 
the lines of defence A B are two long, 
becauſe the enemy may then with ſafety Fig. 13. 
zpproach the point B, where they will | 


be in ſecurity, at leaſt, from muſket-ſhot, till they 
TELE have 


l p - : l 
2 * 1 *, =_ 
= on i EC rin ee er A  OOO_s 
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| 


| where the guns muſt be pointed ſlopewiſe 0 
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Fave time to ſhelter themſelves. Now, by the 
foregoing rules, the greateſt length of the ſaid lines 
of defence is but 180 paces. 


2. When the flanked angle AB C is too acute, 


the enemy's cannon will eaſily make a 


Fig. 14. breach; for the point D being only 


ſuſtain'd by the ſmall. thickneſs DE, 
the ball will quickly ſhake it; whereas in a 
baſtion leſs acute, as A BF, the point D is ſuſtain'd 
with the whole thickneſs D G. Our method there- 
fore gives the flank'd angle as little acute as 
poſſible, nay, very often obtuſe. 


3. It is true, the flank'd angle ought not to te 

ſo obtuſe as to make the baſtion too 

Fig. 15. ſtrait, as ABC; but in other reſpects 

| they are the more ſubſtantial, and bet- 

ter, provided the ſaid inconvenience be avoided, 

as we have done in fixing the length of the capi- 
tal B D. | | 


4. The main deſence being in the flanks, they 
ought not to be too ſhort z one method makes them 
longer than commonly they are laid down, except 
in the ſquare, where large flanks would render the 


flank'd angle too acute. 


5. It is true, our method excludes ſecond flanks 

| AB, ſo much recommended by ſome 
Fig. 16. Dutch Engineers, that the face of the 
baſtion C D may not only be defended 

by the fire from the flank B C, but likewiſe from 
the ſecond flank A B. Nevertheleſs, it appears 


to me, that the defence from the ſecond flank, 
ver a 


very 


F 
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very thick parapet, cannot be very conſiderable ; 
and T ſhould rather chuſe to enlarge the flank 
BC, by the m_ C E, than to have recourſe to 
a ſecond flank AB, | 


PR O r. IV. 


Some other Met hoch. 


4 

Some Engineers (as De Ville) divide the ſid 
AA of the polygon into 6 equal parts, 
and make the demigorge A B one of Fig. 17. 
thoſe parts, as alſo the flank B C; then 
for places which have leſs then 6 baſtions, they 
draw the line of defence D CE, which | 
gives the flank'd angle CDC. For Fig. 18. 
other places they defcribe the ſemicircle” 
upon the line G C, which cutting the principal 
in the point D, gives the flank'd angle C D C. 
This method, in my opinion, makes the baſtion 
too ſmall, nor can I ſee why they ſhould prefer 
_ angles to obtuſe ones, unleſs it be for the 
lake of a ſecond flank, which I have before ob- 
ſerved to be of little advantage. | 


| II, Es 

Others (as Pagan) begin with the exterior 
lide of the polygon A A, which they 
divide equally in the point B; then Fig. 19. 
they draw the perpendicular B C, which 
they extend to 30 fathoms, and after havin 
drawn the indeterminate lines A C E, they ſet off 
AD 39 fathoms, and from the point D, they 
draw the flanks D E perpendicular upon the lines 
of defence EA; and laſtly, they draw the cur- 
TY x7 | 14 tain 


76 


tain EE. They think, that the flanks being per- : | 


pendicular upon the lines of defence, they are moſt 
advantageouſly placed, their fire being thereby 
render'd more large, and more direct: Neverthe- 


leſs, I cannot prefer theſe ſort of flanks to thoſe 
commonly uſed, becauſe they are more expoſed to | 
the enemies batteries, without any poſlibility of 


ſhelter, 
III. 


There are ſome Engineers who give 4 of the | 
ſide of the polygon to the demigorge ; but by this | 
means the flank, and conſequently the defence, 
becomes much leſſen'd: However I do not reject | 


this manner in polygons above the decagon. 


| IV. | | 
Others, to make amends for what is wantin 
in flank by the foregoing method, 
Fg. 20, make aflank in the middle of the face, 
and ſometimes two; but the face is there» 

Fig. 21. by render'd much the weaker, 


| V. . 
There are alſo ſome who would have the 
baſtions detach'd from the place, and 


Fig. 22. ſeparated by a ditch, the more eaſily to 


obſtruct the progreſs of the enemy after 
he has taken the baſtion. | 


VI. 
Others are for making the baſtions of the place 
extreamly ſmall, and then ſurrounding 
Fig. 23. them with other detach'd baſtions, which 
ought nevertheleſs to be commanded by 
the firſt. | . | 
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Ta compute or calculate Fortifications. 


It is of great importance, after having traced 
out Fortifications upon paper, to bring them to a 
computation, that is, to find the length of all the 
lines and the value of all the angles, which will 
afford much help to the laying them down after- 
wards upon the ground. | 


1. For the greater exactneſs, we begin by mul- 
tiplying the ſide D D of the polygon by 
100; then cutting off the two laſt fi- 
gures of every number found, the two 
figures ſo cut off, with the denominator 100, will 
form a fraction. | 


Fig. 24. 


2, In the triangle ADD the angle A may be 
known, by dividing 360 by the number of ſides 
in the polygon ; then dividing the ſupplement of 
the angle A into two equal parts, you will find 
the two angles D, which are equal ; after which 
fay, (b Trig 13.) As the fine of the angle A: 
to the ide DD :: ſo is the line of the angle 9: 
to the radius A D. | 


3. In the triangle D E B, the angle D being 
known, (by the preceeding, as alſo the ſide B E, 
which is ; of the ſide D D, (by conſtruct.) and 
the fide D B, which is 3 of it, the whole triangle 
DEB may be reſolved, (by Trig. 13.) by which 
means will be found. both the angle B, which is 
x the flanked angle, and the line of defence B E, as 
alſo the angle E. FE 

Ig 4+ 
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4. In the triangle EC E, rectangular at the 
point E of the line CE, (by conſtruc.) the fide 
E E being known to be 4 of DD, and the angle 
E to be right; you may reſolve the triangle E C E 
(by Trig. 12.) by which you will know the flank 
CE, and the line C E oppoſite to the right angle, 
which being ſubtracted from the line BE, will 
give the face BC: You will likewife by the ſame 
means know the angle of the ſhoulder E CB. 


5. The foregoing rules may alſo be eaſily applied 
to outworks. The following calculation is an ex- 
ample of an heptagon, whoſe ſide is ſuppoſed equal 
to 170 fathoms. | 


The computation of an Heptagon. 


Lines.  Fathoms Angles. Deg. Min. 


| Angle of the 
Inward ſide 170 | center F Sf. 70 


Radius — — 196 | Angle of the 
Jus 34 


Demigorge — 34 | Polygon, or 
Capital — — 57 | of the gorge 
Curtain — — 102 | The flanked a a 
Line of defence — 168 | angle 93 3 
Flank — 32 | The flanking 
2 — = angle ' c ee 
Outward fide — 218 | The angle of 

| the flank ; 107 28 
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7 trace out irregular Fortifications upan paper. 


Irregular Fortifications are ſuch as are raiſed 
about irregular polygons: But in theſe irregular 
works, we muſt follow, as much as poſſible, the 
proportions laid down for the regular ones. 


. 
Of irregular Baſtions. 


1. As Baſtions ought to be ſo built that their 
cannon may ſweep the ſurface of the circumjacent 
campaign, if they are found too high for th 
purpoſe, let a ſecond baſtion be added a 
beneath the firſt, or even a third, if it Fig. 25. 
is neceſſary, ſtill taking care that their 
faces be well defended. But if a baſtion is too low, 
raiſe a cavalier upon it. A cavalier is a maſs of 
earth, well beat, of about 26 fathoms radius, whoſe 
center is commonly placed in that point of the baſti- 
on where the defences meet; it is commonly made 
two fathoms high, and with a talus of 7 foot; it 
ought alſo to have a parapet of 3 paces broad, and 
6 foot high z it may be made of any figure, but moſt 
commonly is form'd as the baſtion. 


It will ſometimes happen, that the faces of a baſti- 
on would become exceſſive long if they 
were to be extended till they meet; inf ich Fig. 26. 
caſe, they are uſually cloſed with areturn- | 
ing angle, the manner of fortifying which ſhall be 
hereafter laid down, 2 | 
I 6 | 3.1f 
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3. If one ſide of the polygon, as A B, 


Fig. 27. is too long, it may be remedied ſeveral 
| won I. If it be long enough to admit 
Fig. 28. a baſti 


to admit ſuch baſtion, it will be proper to form a 
ſalliant angle, as A C B. 3. Or the 


Fig. 29. baſtions on each ſide may be advanced 
nearer each other, and both intirely 


form'd upon the line AB. 
. 


Of returning Angles. 
Choo ought to be avoided as much as poſſible; 
t 


but if the ground obliges you to have recourſe to 
them, they may be fortified after one or other of 
the following methods: 


1. Suppoſe the returning angle, D C D, which 
is not obtuſe; take C E and CE, each 

Fig. 30. of 8 or 10 paces, and having drawn 
| the perpendiculars E F of the fame length 
with the lines F G, you will have the exterior cir- 
| cuit of the tenail work D E F GC 
Fig. 1. G F E D; to which may be added 
| an oreillion. | | 


* Bp 2. Inſtead of the faces G C, may be 
Fig. 31. drawn G G: Or, from the point C, 
with the diſtance C E, deſcribe the arch 
Fig. 32. EGG E, in order to raiſe a work of 
| ſtrength, 


3. If 


on in the middle, Jet one be | 
raiſed, as C, 2. If it is not long enough | 


E 18x } 
z. If the angle DC D is obtuſe, take C G of 


25 fathoms, and of the ſame length 
draw the perpendiculars C H; ſo ſhall Fig. 33. 
the line H H finiſh the outward circuit 
of the platform DG HH G D. There may be 


alſo added oreillions or epaulements upon the 


flanks G H. 


„ 
Of Redans. 


When a long extended ſide of a place cannot 
admit of baſtions, by reaſon it is cut off by a river, 
or ſtands upon a ſteep aſcent, it may be fortified 
with Redans. Suppoſe, for example, 
the ſide of a place A B; divide it into Fig. 34. 
parts of 40 paces or fathoms each in the. 
points C; then draw the perp<ndiculars CD of 
4 or 5 paces, and the oblique lines C D will finiſh 
the exterior circuit of the redans ADCDCDB, 
to which may likewiſe be added oreillions. 


s EC T. Ih 
Of Triangles. 


There is ſeldom any occaſion of ſorti- 
fying "Triangles; however, the beſt way Fig. 35. 
of doing it, 1s with baſtions, with return- 
ing angles. | | 
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SECT. v. FF 
: Of Citadels, 


1. The Forifications of Citadels are of leſs ex. 
tent than thoſe of the towns themſelves, the fide 


of their polygon ſeldom exceeding 80 geometrical 0 
paces. | R 
2 is ner, 

2. They ought intirely to command the places M : 


they are intended to defend; ſo that the place Whe ; 
itſelf ſhould lie open on the ſide next the 
citadel, 


2. 

fauſt 

SECT. VI. who 

8 EE caſt] 
Of Sconces. 

3. 


Sconces are little forts, which ſerve to defend Marth 
camps, the lines in a ſiege, batteries, bridges, Oc, kind 


1. Redoubts are fquare works, one angle of defen 
which points towards the enemy; they ought to inder 
be about 40 paces in circumference ; their rampart | 
16 foot thick at the bottom; their talus and their 4. 
height 5 foot; their parapet 5 foot high, and crow 
8 thick; the whole ought to be compos'd of tver. 
earth well ramm'd, and faſcines; their ditch ſhould Mhe for 


be 18 foot wide, and 6 deep. | fuch 1 


2. Star Forts are thus made; fuppoſe the 

radius of the polygon A A to be 110 or 

Fig. 36. 115 paces, divide each fide by the 

perpendiculars B C, then making B D 

one third of B C, draw the lines A D, and you 
| W 
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will have the exterior circuit of the little fort 
BAD, for the reſt is much the ſame as in re- 
doubts. 


8 E G T. VII. 
EX - 


- Of old Places, Caſtles, Bridges and Camps. 
| 1. As to places fortified after the antient man- 
ner, all that can be done, is to add ſome out-works, 
ces Wa ravelins and horn-works, before the towers and 
ace ¶ the curtains. 
the | 1 
2. Caſtles are encompaſs'd with a moat and a 
fuſbras of earth well beat, with a kind of baſtions, 
whoſe magnitude muſt be determin'd by that of the 
caſtle, | | 


3. Camps are alſo fortified with ditches, the 
fend Marth thrown out of which ſerving to make a 
Sc. ind of rampart, with a parapet circumſcribin 
the camp, and caſt up in ſuch a figure as may bei 
defend the ſeveral parts of the rampart ; redoubts, 
and ravelins, &c. are alſo commonly added. 


. 


4. Bridges are fortified with ravelins, and 
trown-works, extending from each fide to the 
ver. In one word, all other poſts which are to 
be fortified with expedition, muſt be ſecured with 
ſuch kind of works; care being always taken that 
every ſide be well defended. MY 
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PRO. VII. 
07 Marine Portifications. 


Though Marine Fortifications have nothing 
peculiar in them, yet it may not be improper to 


ive the following directions with relation to 
- batteries, 


| L; CE 

In raiſing batteries to hinder a deſcent, care 
ſhould be taken to diſpoſe them in ſuch places 
where the deſcent is moſt eaſy, as in places where 
the ſea has a clear bottom, the road large and 
fafe, and the ſhore not ſteep, the guns upon theſe 
batteries ſhould be ſo levell'd, as to ſcour the ſur- 
face of the water, and brought as near as poſſible 
to the edge of the ſhore, that they may fire 
effectually upon the ſmall boats as they approach; 


yet ought the battery to be ſo elevated, as to diſco-K 
ver the enemy at a diſtance. 


II. | 
It is ' likewiſe convenient to have batteries to 
play upon ſuch places where there is good an- 
chorage, and theſe batteries ſhould be ſomewha 


more elevated, becauſe a cannon, which commands 


the deck of a veſſel, is more terrible to the crew; 
and beſides, a bullet which enters a ſhip from 
above downwards, puts her into the greateſt dan 
ger of ſinking. 1 


| | III. 
It is alſo neceſſary to erect batteries at the 
entrance of roads; but they mult be ſo made 
| J 


lere fixing a piquet. 
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s to diſcover ſhips at a great diſtance ; ſome of 


their guns ought to be very much elevated; but 


at the ſame time they ſhould have others rais'd only 
12 or 15 foot above the level of the ground, to fire 
upon ſhips as they approach the ſhore. | 


IV. | 

It is of the utmoſt importance to plant batteries 
which may command the anchorage of roads and 
ports, to the end that the enemies ſhips, after hav- 
ing paſs'd the fire of the entry, may not remain in 
ſafety. Upon extraordinary occaſions, they ſome- 
time ſink ſhips in the middle of roads, and raiſe ſe- 
yeral batteries at proper diſtances. The ſame thing 
may be done at the entry of roads. | 


| Vs 
It is very neceſſary that theſe ſorts of batteries 
ſhould be defended by ſome works againſt attacks,, 


and ſhould, if poſlible, . be under the fire of the 


place, at leaſt they ought not to be too far ad- 
vanc'd. | 
| R E M AR k. 


I fay nothing of the manner of beſieging or de- 
fending a place, or of the drawing up an army, theſe 
being things which depend more on experience and 
good ſenſe, than on mathematicks. | . 


PR O r. VIII. 
To trace out Fortifications upon the Ground. 


1. Having exactly conſider'd all the parts of the 
plan, mark the point where you ought to begin, by 
\ 


2. If 


( 286 ] 


2. If the determin'd point be the center of the 
polygon A, extend the cord A B to the 
Fig. 37. length preſcrib'd in the plan; give allo to 
the ſides B B their proper length, and that 
will determine the angles, and form the polygon. 
3. If the determin'd point B is the angle of the 
polygon, from the point B extend the cord B F, fo 
that the line BF may tend directly to the center of 
the polygon, then extending the cord B B to the 
length requir'd for the ſide of the polygon, by the 
help of your inſtrument, ſet off the angle F B B as 
the plan directs; in the ſame manner mult be laid 
down the ſide B G of the polygon, according to its 
requir'd length, and ſetting off the angle FB G as 
before, &c. If in proceeding thus with each ſide M 
of the polygon, the laſt cloſes the figure, the oppe- 
ration 1s right; but if it does not cloſe, you may 
eaſily correct the deficiency. 


4. The polygon being thus traced out, ſet off the 
demigorges B G, and the capital lines B D, and hav- 
ing drawn the perpendicular C E for the flanks, take 
notice if the points D E C are in the ſame line, 
which will ſerve to correct any error that may have 
happen'd; thus will the baſtions CED EC be exact- 
y traced out, 5 | 

5. Purſuing the ſame method, you will _ | 
accompliſh the whole plan, ftill ſerving yourſelf 
with the principal lines and perpendiculars drawn 
by the middle of the curtain, —= 
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FIA O F., | 
To put your Plan in Per ſpedtive Orthographically. 


1. Having laid down your plan with all the lines 
which ought to mark the thickneſs, draw 
from each angle A, the vertical lines A B Tig. 39. 
of ſuch length as each point A ought to 
zwpear rais'd above the level of the ground, then 
drawing the lines B B, and obſerving all the lines 
AB and B B, which ought to appear, that is to 
ſay, which are not loſt in any thickneſs, or hid be- 
hind any bod , fo will your plan appear rais'd. 


2, If you would expreſs the talus, take the verti- 
cal lines B C of the length of the talus's height, and 
draw the line C D of the length of the talus, and 
fom the moſt convenient ſide, and the lines B D 
ſhall expreſs the talus, | | 


2. To finiſh the perſpective, we muſt ſuppoſe the 
light to come from one ſide, and leaving the faces op- 
polite thereto without ſhade, give a greater or leſſer 
hadowing to the other faces, according as they 
more or leſs are diſtant from the ſide whereon the 
lght directly falls. | 
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Nr N T is not the deſign of this Tract to offer 


7 be every thing neceſſary to be known con- 

cerning Artillery ; but only ſuch things 

Rr. M in that Art, as have a more particular 
lependence on the Mathematicks. 


DEFINITIONS. 


I. Suppoſe a cannon and its profile to be A B, its 
cavity or chaſe will be B L, its mouth or 
Fiz, 1. muzzle B, its breech or coyle A, its plat- 


band E, its vent or touch-hole L, its firſt 


reinforcement I, its ſecond reinforcement F, ies trun- 
mons G, its dolphins H, its vacant cylinder G B, its 
dtragal D, its neck C, its face C B. | 


2. The calibre or bore of a cannon is the big- 
teſs of its mouth with reſpect to the ball or bullet 
t may receive. 


3. Cannons are diſtinguiſhed, with regard to 


heir length and bore, into three kinds, viz. a 
lannon, a o and a Baſtard Cannon. 
The 
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The cannon has a length proportioned to its bore 
the culverine has the ſame length, but its bore 
but of half the diameter of the bore of the cannon 

the baſtard cannon has alſo the ſame length, b 
the diameter of its bore is a mean between that « 
a cannon and a culverine. 


4. The faulcon and faulconet, are ſmall cannonꝗ; be dr 
the firſt carrying balls but of 10 pounds, the oth | 
but of 5. 


Note, For ſea-ſervice, they uſe cannons of difte 
rent bores, that is, carrying balls of different weight 


Th 

/K. 4, 6, 8, 12, 18, 24, and 36, pounders, becaulW,. & 

culvarines would be too troubleſome upon the de ef ch. 
: . * ö 

of ſhips. ſome 
5. Cannons are again diſtinguiſhed, with reſpe f , 

to the richneſs or thickneſs of their metal, intt Ke 


three kinds, viz. the Double fortiſied the Legiti 
mate, and the Lefſened: The double fortified hav 
above nine times the diameter of its mouth in tht bftro 
outward circumference of its breech ;. the legiti 


nce g an ob 
mate has precifely nine times, and the leſſened 1c: neu 
than nine times. | : Whe! 

WVerc 


6. The carriage of a cannon ferves to ſuppor 
it; to turn it to the right and left, and to railt 
or depreſs it. The carriages uſed in 
ſhips are very fit for all theſe purpoſes, Fig. 2 
as Fig. A, of which the wheels are 


t is c 
leſtro 
mary ] 


5 — 3 

as EA „ Wcomn 

The Cannon us'd by the Eng/;/ in their Sea-fervice 8 . I 

are of the following calibres, that is, carry balls of th ut ! 

following weights, wiz. 15, 3, 6, 9, 12, 18, and 2 
pounds, | | 


ſoidon 
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dom more than 8 inches radius; B repreſents 
he hind wheels, C the fore wheels, D the bottom 
of the carriage, A the ſides or brackets, E the 
reſts for the trunnions, F the axletrees of tle 
wheels, G the holes for the laſhing- faſt or ſecuring 
he piece. In the land-ſervice, they are obliged to 
nount their cannon upon carriages, better adapted 
Wir drawing them, having wheels of two or three 
fot radius, as Fig. H. | 


C/ ͤ 


The general laws of motion are here ſuppoſed, 
the chief of which are laid down in the beginnin 
of the tract relating to the working of a ſhip, an 
bme others are here annexed. | 


1. A body in motion cannot communicate more 
of motion than is in itſelf, 


2. There are but two ways that motion can be 
teftroy'd; 1. When the moving body meets with 
an obſtacle it cannot overcome. 2. When it receives 
a new movement contrary to its former direction. 
When motion is deſtroy'd by an obſtacle it cannot 
overcome, it is intirely deſtroy'd at once; but when 
tis overcome by a contrary movement, it is only 
teſtroy*d in proportion to the quantity of ſuch con- 
irary motion, 


2. When one body in motion meets another, it 


Jcommunicates to it, if it can, a force neceſſary to 
put it in motion with an equal velocity with it- 


4. When 
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4. When one body in motion meets another hc 

dy, it receives from it a contrary movement equal tc 
that it communicates. . 

5. When a moving body has two contrary and 
equal motions, if it is intirely at liberty to moze it 
ſelf by their directions, the two ſeveral motions wil 
deſtroy each other, and the body will 1emain im 


moveable; but if the body cannot obey the direction 


of the one, that motion will be deſtroy'd, and the 
other will remain intire. 


6. If a- moving body has two contrary and equa 
motions, and being at liberty to follow the directio 
of the one in its full velocity, is not at liberty t 
move according to the direction of the other, but 
with a part of its velocity, this ſecond motion will 
deſtroy a part of the other, in proportion to its ow: 
velocity, and will itſelf be intirely deſtroy'd. 


Note, The foregoing laws of motion demonſtrate 
themſelves by continual experience. | 


P03. 


The Proportions of the ſeveral Parts of a Cannon. 


The Proportion of the Parts of a Cannon depend 
upon ſo many circumſtances, that experience ſerves 
much better to determine them, than any ſtated rules: 
So that I ſhall content myſelf with giving the follow- 
ing Tables, wherein T have inſerted only the propor- 
tions of ſuch pieces, whoſe calibres are common 


both to the French and Engliſb uſage, 


P Ro- 


R 
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PR OP. 
Of the Cavity or Chaſe of a Cannon. 
The Chaſe of a Cannon ought to be exactly 


in the middle, it ought to be equal throughout, 
and without creviſes or honey-combs. 


T. Whether the chaſe be perfectly in the 
middle, may be tried by a cylinder of wood 
ABC, whoſe part A B is equal to the 
cavity of the .cannon, and the part BC Ig. 3. 
equal to its outward circumference, 

Let the cylinder A B be put into the cannon, and 

applying a rule all round upon the lines B C paral- 

le] to the axis of the cylinder, you will fee if it 
exactly agrees with the outſide of the cannon. 


2. Whether the chaſe be equal throughout may 
be known, by applying rulers to its inward ſides ; 
for if the rulers are parallel, tis a ſign the inward 
ſides of the cavity are ſo likewiſe, and conſe- 
quently that it is equal throughout. This equality 
of the cavity does not exclude the chamber, which 
may be made at the bottom of the cannon, as 
will be mention'd hereafter. | 


3- To know if a cannon has creviſes or honey- 
combs, after having fired it twice or three times 
with double charges, they uſe a ſort of rammer 
arm'd with flexible points, which cloſing towards 
the rammer in thruſting it into the 
cannon, extend themſelves, and enter- Fig. 4. 
ing into the creviſes, remain there upon 
a forcible drawing it back. Another way of try- 
ing, is by applying a looking-glals A, Fig. 5. 
to the mouth of the cannon, which 

| 3 Will 


. ͤ Et TTY . OT I OY «. — 
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will repreſent very plainly the oppoſite fide B ©, 
and ſucceſſively all the reſt, by changing the poſi- 
tion of the cannon, and conſequently the creviſes, 


it there be any will appear. 
P R o Ff. III. 
Of the Outſide of a 8 


With reſpect to the outſide of a Cannon, re- 
gard muſt " had, I. To the force of the powder 
2nd ball, To the paralleliſm of the ſight and 
the chaſe. is To its beauty and conveniency of 


movement. 


1. A cannon muſt be thickeſt towards the 


| breech, becauſe the force of the powder is there 


greateſt, nevertheleſs its mouth muſt be alſo 
itrenothened with rings, leſt the bullet, in going 
out, ſhould ſplit the edges, not being of the ſame 


thickneſs of metal. 


2. That the greater thickneſs of metal at the 
breech than at the mouth of the cannon, ſhould 
not hinder the light or aim, by preventing its 
paralleliſm with the chaſe or cavity, a button or nob 
thould be rais'd upon the upper part of the muzzle. 


3. The otner parts of the outſide of a cannon 


ſerve either to its ornament, as the carving, the 
devices, and inſcriptions ; or to its movement, as 
the . and the trunnions. 


L M M A I. 
Suppoſe the rectangular cylinder A B, 


whoſe baſes A B are circles; I ſay Fig. 6. 


that all the ſurfaces of the ſcylinder' 


parallel 


„ a 
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parallel to the baſe A, as C, Will alſo be circles 
equal to the fame baſe A. Imagine A B the 
axis of the cylinder, and the rectangle parallclo- 
gram A B D E, in turning about the axis A B, to 
have form'd the cylinder. 


Demonſt. Since the ſurfaces A and C are paral- 


le], the ſections C F, A E, will be alſo parallel 


(by 16. 11. of Euc.) and the figure A C F E will 
be a parallelogram, whoſe ſides AE, CF, will 
be equal; in the ſame manner it may be ſhewn, 
that the other radii of the circle A are equal to 
the radii of the circle C, which anſwer to them, 
and conſequently the circles A and C are equal, 


LI II. 


In the rectangular cylinder E, ſup- 
poſe a circle parallel to the baſe E, Fig. 7, 
having for its center B; if from the 
point A of the circumference of the ſaid circle E, 
be deſcrib'd a kind of a circle upon the concave 
ſurface of the cylinder, it will cut the circum- 
ference of the circle B in the point C, and the 
angles B A C, which the radii A C make with the 
radius A B, will be leſs than any other angle, as 
B A D, which another radius A D would form 
with the ſame radius AB. Suppoſe the line 
D F parallel to the axis of the cylinder, and per- 
pendicular upon the plain of the circle B, chen 


draw BF, B C, B D. 


Demonſt. In the triangle BF D, the line BD 
oppoſite to the right angle BFD, will be greater 
(by 19. 1. Euc.) than BF, or BC; and fince in 


the triangles BAC, B A D, the ſides B A, AD 
| 1 are 


N / T 
| 


295]: Dt 
are equal to the ſides B A, A C, the baſe BD, 
which is greater than BC (by 18. 1. Euc.) will 
make the angle B A D greater than B A C. | 


Ly M M A III. 
Suppoſing, as in the foregoing, a plain to paſs 
through the point D, and the line AB; the line 
DDD will be greater than CC. | 


Demonſt. In the triangles DAD, CAC, 


which have the fides AD, AC equal, the 


angle DA D which is greater than C A C (by 
the prec.) will. make the line DD greater than 
C C (by 19. 1. Euc.) 


E ! . 


If the line CC is the leaſt of thoſe, which 
paſling through the line A B, are determined b 
the circumference of the circle A, the triangle 
CAC is inſcribed in a circle equal to the baſe 
E of the rectangular cylinder. 


P.zx o:'e- IV. 
Of the Calibre, or Bare of a Cannon. 


1. The Calibre or Bore of a Cannnon is known 
by the diameter of its mouth, the cube of which, 


in compariſon with the diameter of a ball of one 


pound, gives the calibre of the cannon. Thus, 
when the diameter of the mouth of a cannon 1s 
double-to that of one pound, the cannon will be 
an eight pounder; if triple, a 27 pounder; if 
quadruple, a 64 pounder, Se. 


1 
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2. To find the calibre of the cannon 
B, open the compaſtes A as wide as 
they will ſtand in the mouth of the 
cannon B, | | | 


3- But if it be required to find the calibre from 
the part A of a cannon; from ſome 
point A, deſcribe a kind of a circle, Fig. 9. 
upon the cancave ſurface A, and taking 
the ſhorteſt diameter B C, by extending the com- 
paſſes croſſways, as in the figure; then upon the 
line EF, equal to BC, form a triangle with fides 
DE, DF, equal to. the radii AB, AC; this 
triangle being inſcribed within a circle E DF G, 
will give D G the diameter of a circle equal to the 
mouth of the cannon, of which A is a piece, (by 


Lem. 3.) 


4. It would be convenient to have a rule, as A B, 
for meaſuring the calibre of cannon, of which 
the part A C being the diameter of a 
cannon of one pound, A D will be the Fig. 10. 
diameter of one of 4, and A E of one 
of 8 pounds; ſo that by applying the diameter of a 
cannon to the rule, you will at once ſee its calibre, 


Note, The rule for meaſuring the calibre, is 

divided in the ſame manner as the rule for meaſur- 
ing ſolids on the Sector, or Compaſs of proportion, 
(vide Appendix) 
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C 
Of the Bullet. 


| A Bullet is commonly made of a ſolid globe of 
Iron. 6 i | 


r. It is made of a ſpherical figure, as the moſt 
proper to receive, keep, and communicate motion. 


2. It is made of iron, as being a metal of ſuf- 
ficient hardneſs and weight, and of which there is 
a ſufficient plenty. 85 


It is made ſolid, becauſe a hollow bullet 
would be liable to the ſame refiſtance from the air, 
and the body it ſtrikes; but would want the force 
which ſolidity gives it. | 


PRO P. VI, 


Of the Calibre of the Bullet 


1. The Calibre of a Bullet is in the ſame man- 
ner known by its diameter taken between the points 
of a pair of Callipers, or curve-legg'd Compaſſes, 
the cube of which diameter, with reſpect to one of 
the weight of one pound, gives its calibre, and 
the proportion is the ſame in bullets as in cannons ; 
only it ought to be obſerved, that the diameter of 
a bullet ought to be Jeſs by two lines, than the di- 
ameter of a cannon of the ſame calibre, that ſo it 


may enter eaſily. 


2. O 


ran}. 


2. On the other, hand we know the diameter 
of a bullet by its weight, or calibre ; for the cube 
root of its weight gives exactly its diameter. 


3. This ſhews a new way of dividing a rule 
for taking the calibre. For let AB re- 
preſent a rule, of which the part AC is Fig. 10. 
the diameter of a bullet of one pound 
weight; let the whole rule be divided into 1000 
equal parts, of which let A Cbe 10, then adding 3 
cyphers to the wo of each bullet, extract the 
cube root, and you find the number of parts anſwer- 
ing to the diameter of each bullet, almoſt to « 
thouſandth part. For example, if you would mat x 
upon this rule for the calibre, that of a bullet of 24. 
pounds, adding 3 cyphers to 24, which makes 
24000, the cube root thereof, viz. 29, gives the 
diameter of a bullet of 24 pounds. After which 
manner was compos'd the following table. 


Weight of Bullets in Pounds. | 
i 2 4 12 19 24 76 45-64 100 


* Number of Parts in their Diameters. * 

10 13 16 18 20 23 26 29 33 36 40 46 

4. To find the diameter of a bullet, of which 
we have only the convex part A; on the point A, 
as a center, diſcribe a circle upon the convex 
ſurface A, and having taken the dia- 
meter B C with a pair of callipers, then Fig. 11. 
upon the line ED equal BC, make a 
triangle, whoſe two ſides F E, FD let be equal 


to the lines A B, AC, this triangle cannot be 
| K 5 * inſcribed 


| 
| 
| 
| 


_ obſerved, 


or all at once, the 
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inſcribed but in the circle E F D G, the diameter 
of which F G, will be the diameter of the bullet. 

Demonſt. Phe plain of the triangle AB C paſſing 
through the pole A, and through the diameter B C 
of a circle, will paſs through the center of a globe 
(by Prop. 1. Sph. Trig.) therefore the triangle ABC 
will be inſcribed in a circle, which will paſs through 


the center of the bullet, and conſequently will have 


for its diameter that of the bullet. 


PRO r. VII. 


the Cauſe of the Motion of the Bullet in a 


unon. 


Let A B repreſent a Cannon, wherein 
Fig. 12. the powder takes up the ſpace A, and the 
bullet the ſpace B; when the powder 
takes fire, it will fill a larger ſpace, as A C, and 
thruſt the bullet from B to & from whence may be 


- 


1. That the ſwiftneſs of the motion communi- 
cated to the bullet by the powder, ought to be 
meaſured by the line A C, the length of the ſpace 
gain'd by the powder in firing; becauſe in the time 
of the powder's firing, the bullet is forc'd with the 
velocity A C. | . 


2. Whether the pe is inflam'd ſucceſſively, 
llet receives an equal velocity, 

ſince it all takes fire before the bullet goes out of 
the cannon. For if at the firſt inſtant only half 
| the powder ſhould take fire, inſtead of 
Fig. 12. gaining the ſpace A C, it will only gain 
| A D, and communicate to the * | 

| only 


* 
' 
L 
* 
* 
F 


11 


only the velocity A D; but afterward as the reſt 
takes fire, it will communicate a ſecond velocity 


equal to D C. 


Or it might have been thus. 


Let A E repreſent a Cannon, ꝛbherein 

Fig. 12. the powder takes up the ſpace A, and B is 
the bullet; the inſtant of the powder taking fire, 

the flame of it will with great force preſs the bullet 


forward, and fill a larger ſpace, as AD, AC, or 


even A E the whole bore; from whence may be ob- 
ſerved. | 


1. That the ſwiftneſs of the motion given to the bul- 


let is by the inſtantaneous expanſion of the flame of the 
fired powder, and that ſuch fwiftneſs continually in- 
creaſes, whilſt the bullet is moving the whole length from 
BroE, if the expanſion of the flame is of force fo — 


cient to preſs out the bullet, if placed at reſt in 


2. That the height of the charge if powder ſhould 
be proportioned to the diameter of the bore and length of 
the cannon, as a heavy bullet will require a greater 
force to give it a velocity equal to a lighter in propor- 


tion to their weight, and if the length of the cannon © 


as increaſed, the expanſion of the flame muſt be in- 
creaſed, ſo 20 ts reſs the nd the whole length, 
or elſe the length will diminiſh the carriage of the 


bullet. 


3. That the increaſe of the weight of the bullet 
helps to the continuance of its velocity, as it has 
thereby the mare farce to overcame the obſtacles it meets 


with, | 
K 6 RT > 


| 
| 
| 
| 
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4. That the increaſe of the wei ght of the bullet di- 
miniſbes the ex panſt an of the flame of the powder ; for 


thiugh the bullet has not any contrary motion, yet as it 


7h Wi receive its whole 11 ot on from ſuch ea pamſion, it 


will, in reſſtance thereto, communicate a contrary mo- 
tion to that it receives, and ſuch contrary motion in- 
creaſes in proportion to the weight of the bullet. 


CORQLLARALES. 
1. If two equal bullets, A and B, are 


1 3. thrown out of equal cannons, Mate 


velocities will be in the ſame propor- 
tions as the quantity of powder in the one and the 


other cannon, ſince the ſpaces A C and B D will be 


in the ſame proportion as the ſpaces A and B. 


2. If the bullets A and B, of different 
oP 14. Calibres, be thrown out with proportiona- 
ble charges, their continued velocities will 


be as the cube roots of their calibres, or as their dia- 


meters, ſince the lines A C and B D increaſe in 
the ſame proportion as the cube roots of the quan- 
tities of the charges, or of the bullets. 


3. It will be eaſy to determine the proportion of 
velocity betwixt bullets of difterent calibres, whoſe 
ſeveral charges are determined, For 1. If the charges 
are proportional, their continued velocities will be as 
their diameters. 2. In diminiſhing or augmenting 
the charges, their velocities are dimiſhed or augmen- 
ted in the fame proportion, 


Mr. Robins, in his new principles of Gunnery (here- 
after mentian'd) proves that all the powder of the charge 


15 


d 
at 
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15 fired, before the bullet is ſenſibly moved from its 
place; and after determining the force of our govern- 
ment gun-powder, gives rules (that have relation to 
the length and calibre of the cannon and bullet) for 
finding the velocities given by different charges to all 
kinds of bullets, arid the charges that will give the 
greateſt velocity to the different kinds of cannon and 


bullets, 
| P n 0 *. VEE 
Of the Chamber, where the Powder is plac'd in 


a Cannon, 


Fig. 15. 1. The Chamber A ſerves to inflame 

a greater part of the powder; for the 
powder A taking fire in the middle, is forc'd 
againſt the bounds of the chamber, from whence 
it is reverberated againſt the fire. | 


2. Nevertheleſs, chambers are ſeldom made in 
cannons, becauſe they would thereby be rendered 
more difficult to be charged and diſcharged, and 
after firing oftentimes, ſome of the fire would 
remain, which would be dangerous to the 


Cannoniers, 


Pr 
Of the length of a Cannon. 


I. It is Certain, that the length of a cannon 
diminiſhes the motion of the bal}, by its rubbing 
againſt the ſides in paſſing. | 


2. The 
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2. The length of a cannon ſerves to augment 
the motion of the bullet, becauſe it gives time to 
the powder to take fire in a greater quantity be- 
fore the ball gets out. | 


3. Experience only can determine the length of 
a cannon, becauſe its effect depends upon certain 
circumſtances, which cannot be exactly known; 
as the quality of the powder, the reſiſtance the 
bullet finds in rubbing, &c. e 


nnn K. 
Of the charging a Cannon. 


1. Tho! experience muſt regulate the quantity 
of powder, yet in general it may be obſerved, 
that in proving a cannon, the charge may be much 
greater than in battle, or when the cannon grows 
hot, Cu 


2. The bullet muſt enter eafily, leſt it damage 
the metal in going out, or, it may be, burſt the 
cannon. Care ſhould therefore be likewiſe taken, 
that there be no inequalities in the ball, at leaſt 
that it will enter eaſily every way. 


3. It would be eaſy to burſt a cannon, if after 
having put in the bullet B, the wedge C be in- 
ſinuated of a ſufficient hardneſs to reſiſt the force 
of the bullet, for then the bullet cannot paſs 
without burſting the cannon. 
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Of a Cannon's heating. 


1. When a cannon grows hot, it recoils with 


greater violence upon the carriage, becauſe the 


powder takes fire quicker, and in a greater 
quantity. 


2. Although the powder ſtrikes equally againſt 
both the upper and lower parts of the cannon, 
yet notwithſtanding it will recoil ; ſince it is not 


at liberty to move downwards; for the lower 


part being forc'd againſt the carriage, receives from 
that reſiſtance a contrary motion (by Sp. 4.) 


3. The heat of the cannon commonly increaſes 


the velocity of the bullet; for that it cauſes a 


greater quantity of powder to take fire before the 
bullet goes out of the cannon ; yet it may hap- 
pen to ſhorten the carriage. of the ball, if the 
cannon recoiling, falls again before the bullet gets 


_ out; for that motion of the fall of the cannon 


being communicated to the bullet, very much 
diminiſhes the length of its carriage, as ſhall be 
ſhewn farther on, | | 


PR O . XII. 
Of the horizontal Carriage of a cannon. 


Let the cannon A B be diſpoſed | 
horizontally; the bullet B will not Fg. 16. 
keep the horizontal line ABC, but a 

curve line, which will carry it to the point D be- 
low the point C. 
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Demonſt. The horizontal motion impreſs'd on 


the bullet by the powder, not being contrary to f 
the motion of its own gravity, will not deſtroy WM ( 
it; therefore the bullet will be carried downwards, | 1 
being moved by a compounded motion, partly WM t 
horizontal, and partly vertical, which will con- 
ſequently carry it to the point D below the 
point C. | | 8 p 
COROLLARY. 15 
From whence it follows, that when a cannon * 
feems to carry point-blank, or to raife its ſtroke, Wt ©* 
the line of aim is not parallel to the cavity of the 1 . 
cannon, for then its carriage would be too low. 1 = 


Ri e . 


1. It is not neceſſary to examine the nature of 
the line deſcrib'd by the bullet in its paſſage, it 
being demonſtrable, that it would be parabolical, 
if the reſiſtance of the air, or the directions of 
its own gravity, did not affect it. It is ſufficient 
to know, that the line B D, the paſlage of the 
bullet, is not the right line B F D. Let the right 
line BF D be therefore equally divided in the point 
F, and draw F E parallel to CD, and F G paral- 
lel to B C. | 


Demon/?. The line E F being equal to the line 
GC, the bullet will take up the ſame time in 
paſſing from the point B to the line E F, by 
reaſon of its horizontal motion, as in paſſing 
from the line EF to the line C D; therefore 
when it comes to the line E F, it will have de- 

N ſcended 
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ſcended but the fourth part of the line C 


(by Prop. 10. Mechan.) and not its half part EF. 


Therefore the paſſage of the bullet will be above 
the point F. 8 


2. The greater the velocity of the bullet is, the 


© leſs will be its deſcent at the ſame diſtance; be- 
cauſe it takes up a leſs time in its paſſage, and 


the quantity of time determines the ſpace or 
quantity of its deſcent. So that the bullet which 
was carried from B to D, would have been carried 


from B to H, if it had been thrown by the cannon 

with a double velocity; becauſe it would then 
have taken up but half the time in paſſing from 
the point B to the line CD. 


3. If the curve line of the bullet's paſſage did 


not bring it to the ground, it would not ſtop till 
che reſiſtance of the air intirely deſtroy'd its hori- 
nꝛontal motion, and its progreſs would conſequently 
become immenſe, | | 


4. Horizontal cariages are to one another, ac- 


cording to their ſeveral velocities ; if no regard be 
had to the reſiſtance of the air, 8 


Demonſt. If in the ſame time that one bullet. 
paſſes, by its horizontal motion, from 


the point A to the line C E, another Eig. 17. 


bullet is only carried from the point A 


aſſage from A towards C, falls upon the ground - 


to the line BD; if further, the firſt bullet in its 


t the point E, the other bullet falls equally, and 
frikes the earth at the point D; 1 as 
\ C the meaſure of the velocity of the firſt bullet, 


will be the meaſure of its carriage; fo A B the 


meaſure. 
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meaſure of the velocity of the ſecond bullet, will 
alſo be the meaſure of its carriage. | 


PR OP. XIII. 


Of the reſiſtance of the Air. 
1. The reſiſtance of the air is nothing elſe, but 


the motion impreſs'd upon the bullet by the par- 
ticles of the air repelling it. 


2. The reſiſtance of the air increaſes in a dupli- 


cate ratio to the velocity of the bullet ; for one 


bullet having twice the velocity of another, ſtrikes 
againſt a double quantity of air in the ſame time, 
and likewiſe with a double force. 


3- The reſiſtance of the air diminiſhes the car- 
riage of a bullet in a duplicate retio to its velocity ; 
becauſe it diminiſhes its carriage in the ſame pro- 
portion as it diminiſhes its motion, or as it im- 
preſſes or increaſes a contrary motion. 


Or it might have been thus, 
4. The reſiflance of the air to the carriage of different 


bullets, is in proportion to the ſquares of their diameters, 
but not to their maſs or quantities of mattter ; there- 
fere their velocities, when given equal, will be un- 
equally diminiſhed, 


Demonſe, 
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Demonſt. The bullets A and B having 


= Fg. 18. the fame velocity, will find the reſiſt- 


ance of the air in proportion to the areas 


5 of the ſpace each paſs through, but not to their 
© maſs or quantity of matter; their motion will then 


not be diminiſhed in the ſame ratio as their maſs ; 


| therefore their velocities or their carriage will be 


unequally diminiſhed, 


G00 


Though the carriage of one cannon be given 


with all its circumſtances, we cannot from thence 
determine the carriage of another exactly, with- 


out regard to the reſiſtance of the air, which can- 


not certainly be known. 


5, The thicker the air, the greater the reſiſtance, 


and the cariage of the bullet will be diminiſhed 


in proportion to ſuch denſity, ſince the bullet 


muſt conſequently ſtrike againſt a greater number 
of particles. | 

6. If two bullets paſs through different airs 
with different velocities, the reſiſtances they meet 
with will not be equal, though ſuppoſing the 
denſities and velocities are in reciprocal propor- 
tion; but the bullet which paſles through the 
ſpace of thick air, will find leſs reſiſtance in the 
ſame proportion as their velocities, 


Demonſt. If one of the bullets paſs through 
air twice as thick as the other, and the other 
with double velocity to the firſt, they will then 


* 


both be ſtruck with an equal number of 9 
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of air; but the ſecond will be ſtruck with a 


= 
double force. po 

| 2 U 
85 bold 

U N. has 

| 8 £170 

If the bullets A and B, equal in every 155 f 


reſpect, are thrown with equa! force, Fig. 19. ns 
and the bullet A paſſes through half 1 


its courſe in a thick air, and the re{t through a oy 
more refin'd air; if on the contrary, the bullet B WF 
paſs at firſt through a finer air, and continues the W ay 
reſt of its courſe through a thick air; theſe two 7% 
bullets will find equal reſiſtance, and will be % 
equal in their carriage, ſuppoſing the air A 5 7 
twice as thick as the air B. 5 

Demonſ?. The bullet A being come to the ,, 


middle of the thick air, will be ſo much over- WM 
come by the reſiſtance it meets with, and will 885 
have loſt ſo much of its velocity as the bullet B, 1 7 
at the end of the thin air; ſince it will have , , 
ſtruck againſt an equal number of particles, and %, 
with an equal force, Again, they will find an W-., 
Equal reſiſtance in the remainder of their courſe, z 
the bullet A in paſſing through the remaining % 
half of the thick air, and the bullet B in paſſing . 
through the firſt half of the thick air. Further, | 

the bullet A will find the ſame reſiſtance in 77 
paſſing through the thin air B, as the bullet B in * N 


paſſing through the remainder of the thick air 


70 72 


«r a, 


The ingenious Mr. Benj. Robins F. R. S. has latr!y lay 
publiſhed new principles of gunnery, wherein he deter- 
mines the force of gun-powder, and inveſtigates the 
difference of the reſiſting power of the air to ſwiſt 
and fiow motions 3 and ſhews by ſeveral e 

| that 


9 * 
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that its reſiſtance to ſwift motions 1s vaſtly greater 
than according to the foregoing doctrine, which, he ſays, 


1-4 


— 


holds true only in flow motions; and that if the bullet 


r 
9 


bas the velocity given to it equal to the motion of 
1700 feet in one ſecond of time (which he found by 
ſcveral very curious experiments mage by the bullet 
19 Hinbinging into a pendulum, to be nearly the greateſt 
relacity given to a muſket or a cannon ball) the reſiſt- 


. 5 lence of the air is greater than in the doftrine of flow 
1 not ions nearly in the ratio of 3 10 1; and that if the 
Wege of a muſtet-ball of 4 of an inch diameter, fired 
eh elf its weight of powder, from a piece 49 inches 
A ing, with a velocity equal to 1700 feet in 1", was 
the curve of a parabola, its horizontal range at 4.59 
vation, would be about 17 miles; whereas oll agree 
no. bat this range is really ſhort of half a mile; therefore 
= © WW track deſcribed by ſuch a bullet greatly differs from 
by 1 parabela, as it flies not the q part of what it ought 


„do, if moving in that curve; and this contration 
will not be wonder*d at, when it ſhall be conſider d, 
at the reſiſtance the air gives to this bullet at its firſt 
ſung from the piece, is abort 120 times the weight 
"the bullet. 


* He alſa proves that a cannon-ball of 24th fired 
lng ih 16Þ of powder (which is the uſual battering 
ber, Ne ) acquires the velocity of about 1650 feet in a 


cond, and the air's reſiſtance to this ball, at its fir/t 

ſuing from the piece, is more than 20 times its weight, 

nd that if the flight of this ball was in the curve of a 

arabola, its greateſt horizontal range world be about 

b miles, which is between 5 and © times its real quan= 
ty, as it will always fall ſhartof 3 miles. 


En 035: 
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P& o Þ. XV. : 
Of the reſiſtance of Water, and the reboundings oj I It 


the Bullet therein. 


n 

N 
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Water makes a greater reſiſtance than air, bot if 
becauſe it is a more denſe body, and that its part Pe 
are more difficult to divide; therefore bullets mee li 
with ſo great reſiſtance in water, that they ſome 
times N and make, as it were, repeated 
leaps upon the ſurface of the water, as in th th 
figure. 6 


Suppoſe the bullet A, which is car pa 
Eig. 20. ried againſt the ſurface of the water B B 
along the curve line AB inclined upoi 
the ſame ſurface, . 1. If the bullet was without 
weight, and the water ſolid at the point B, i 
would be forc'd back through the line B C, equa 
in every reſpect to the line B A, ſince its motioi be 
parallel to the water would remain the ſame, an to 
the water would communicate to it a motion re fro 


pelling it, equal to that with which it approacheM = 
by Sup. 4.) | | WI 
(by Sup. 4. * 
2. The water not being ſolid, the air precedin 
| the bullet, will make, as it were, a cavity in 4 
| in ſuch manner, that the bullet inſtead of ſtrikin ſqu 
| it at the point B, will not meet with ſinc 
Fig. 21. but at the point D; or it will ent A 
into the water by ſome curve line equ 


4 


D G, if it has force enough to divide it at the poi H; 
D, as if it were thrown againſt the water by a lin In t 
leſs inclined. | to t 
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3. But if the bullet is carried with ſo much 
velocity, and ſo obliquely againſt the water, that 


it cannot divide it, it then receives a motion re- 


pelling it from the water with a force equal to 


that with which it approach'd it; and in ſuch caſe, 
if the bullet was without weight, it would be re- 
= pell'd by the line D C equal in every reſpect to the 
line DB A. | 


4. The weight of the bullet cauſes the line D E, 


; through which it is repell'd, to be much more in- 
clined than the line DC; ſo that the bullet riſes 
cout of the water at the point F, after having 


paſs'd under the water through the whole ſpace 
BDF. | 


Lin n L 
If from the end A of the diameter AH, 


| be drawn the lines A C, AE, extended Fig. 22. 


to the circumference of the circle, and | 

from the points C E be drawn the lines C D, 
E G, perpendicular to the diameter; the line AD 
will be to the line A G, as the ſquare of the line 
AC to the ſquare of the line A E. | 


Demonſt. The ſquare of AC is equal to the 
ſquares of AD and DC (by 47. 1. £uc.) and 


| fince the ſquare of D C is equal to the rectangle 


ADH (by 32. 3. Euc.) the ſquare of A C will be 
equal to the ſquare of A D, and the rectangle A D 
H; or it will be equal to the rectangle HAD: 
In the ſame manner the ſquare of A E will be equal 
to the rectangle HA G: But as the rectangle H 


AD: is to the rectangle HAG::AD:AG 


by 


; 
| 
f 
| 
N 


| 
| 
| 
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(by 1. 6. Fuc.) therefore as the ſquare of A C: 


ſquare AD::AD:AG. 
COROLLARY. 


Since (by Prop. 10. Mechan.) the deſcents of fi 


heavy bodies are to one another, as the ſquares of 
their times ; if the times be meaſured by the lines 
AC, AE; the deſcents muſt be meaſured by 
the lines AD, A G. Thus, ſuppoſing that it 
the time meaſured by A C, a heavy body in it; 
deſcent would paſs through the line AD ; then 
would it run through the line AG in the time 


meaſures by A E. 


LI H. 


If the body A receives at the point & 
Fig. 23. a motion upwards, which motion being 
inſenſibly deſtroy'd by its gravity, 


| ceaſes at the point B; it will be juſt the ſame 


time in its deſcent from B to A, as it took up in 
its aſcent from A to B; becauſe its motion of 
gravity will begin and increaſe by the ſame 
degrees, as its former motion decreaſed and 
ended, | 


COROLLARY. 


Suppoſe the line A C elevated above 
the horizontal line A B, and the bullet Fig. 22. 
A thrown to the ſame height, with a 
motion which would carry it to the point C ina 
minute of time, if the ball was without weight; 


but that by reaſon of its gaavity it deſcends again 


to the point B in the vertical line CB; we may 
. thence 


2 1 r E 
G COLON 1 1 n * l 
7 e II RAN ALS SES ET, 5 
F 1 65 het 5 8 * ene I te A 
= — . 2 1 k 
4 . % 5k . 
ann 


22. 


na 
ht; 
ain 
nay 
cc 


Es 


- 217 J | | 
thence deduce the following conſequences : 1. The 
ball will arrive at the point B in the fame time 
it would be in coming to the point C; ſince its 


gravity makes no alteration in its horizontal 


motion, which carries it from the vertical line 
AH, to the vertical line B C. 2. The ball will 
take up one half of the ſaid time in its aſcent, 
and the other half in its fall, (by Lem. 2.) 
3. The ball will aſcend but the fourth part of the 
line B C, or half that height it would have aſcend- 
ed, in half the ſaid minute of time (by I 10. 


Mechan.) if the motion cauſing its aſcent had con- 


tinued always equal, and its gravity had not in- 
ſenſibly overcome it. | | | 


„„ . 


> Suppoſe from the mouth of a cannon. | 
A, whoſe elevation is A C, a ball being Fig. 22. 


thrown ſhould fall upon the point B of | 


the horizontal line AB. Draw AH and BC. 


perpendiculars upon the line A B, and from fome 


point as D, deſcribe the circle A CH. I ſay, that 


if the cannon be ſet to any other elevation as 
A E, every other particular remaining the ſame, 
the line E F perpendicular to A B, will determine 
the point F, where the ball will fall. 7 


Demonſt. Since the ball, at the elevation A C, 
falls upon the point B, it muſt needs be that 
during half the time it would take up in paſfing 
through the line A C, if its gravity did not aff 


it, its weight will cauſe it to deſcend the fourth 


part of the line B C (by Cor. prec.) But if during 


the time meaſured by half the line A C, the ball. 
& deſcends. 


—_— — 3 — — — — * 


E | 
deſcends one fourth part of the line B Cor DA; 


then during the time meaſured by half the line 


AE, it will alfo deſcend one fourth part of the 
line AG or EF; (by Lem. 1.) therefore the 
point F will be the place where the ball will fall at 
the elevation AE, 1 


P AL 


Suppoſe the line A K rais'd above 
Fig. 24. the horizon AB, and the ball A 
having the elevation AC, to fall upon 


the point K: Draw AN perpendicular to A B, 


and K C parallel to AN. Again, let AH be 
drawn perpendicular to A K, and from ſome point 


of the line A H, deſcribe a circle AC H. I fay, 


that if to the ball A be given any other elevation 


as AE, the line E F parallel to the line A N, 
will determine the point F, where the ball will 
fall upon the line AK. Draw CD and EG, 
perpendiculars upon A H, which will cut AN 
in the points M L. | 


Demonſt. The ſquare of A C is to the ſquare 
of AE; as AD to AG (by Lem. I.) or as 


AM to AL (by 2. 6. Euc.) or as C K to EF. 


Therefore (by the prec.) if the ball A having 


the elevation A C fall upon the point K, it will 
fall. upon the point F, if it obtains the clevation 
A E. 8 


| 


RE MAR k. 


If the carriage and elevation of a cannon be Ly 
yen, together with the plane upon which the bal. 
is to fall; we have all others upon every kind 


of 


r 


2 
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of plane ; becauſe the force of a cannon may al- 
ways be meaſured by the vertical line A N, which 
ought to be the ſame whether the plane be hori- 
zontal or not, ſince the plane has no effect u on 
the vertical carriage, by · which the ball is returr e 
towards the point A. | | 


COROLLARY. 


If the line K C be a tangent to the circle, the 
line A K is the greateſt carriage, and B A C the 
angle of elevation equal to 45 degrees, with half 
the angle of B AK; for the angle CA K is equal. 
to half the angle N A K, which is 45 degrees, leſs 
half HAN, or BAK. | 


From whence is deduced this general rule: 
To have the greateſt carriage upon a plane eleva- 


ted above the horizon, to the elevation of 45 de- 
grees, mult be added half the elavation of the plane. 


Pn O r. . 
The ſame reaſoning holds good, 


when the line A K lies inclined below Fig. 25. 


the horizontal line A B, after having 
yo ak the ſemicircle A C H, touching the line 
A . : . 


o 0 


In the fame manner, To have the greateſti car- 


Triage A K, dedutt from the elevation of 45 degrees 


half the angle B A K. | | 
L 2 | PA Or. 


[ 220 ] 


P R OP. XVIII. 
Of. the Inflruments uſed to find the elevation of 4 


Cannon. 


1. Having a ſquare of wood, or of 
Fig. 26. metal, as A B, one of whoſe ſides A C, 

let be prolong'd at diſcretion to D. 
From the point A, deſcribe the quadrant C E, 
in ſuch manner that A B may be perpendicular to 
AD; then divide the quadrant EC as uſual, 
beginning from the point E, and let a plummet 


be hung upon the point A : * let the whole 
[ 


. ſquare AB be filled up with lines parallel to 
A D, and equidiftant from one another. 


Ez 2. To uſe this inſtrument, put the 
Fig. 27. fide CD into the cannon, applying it 
| | cloſe to the under ſide of the cavity or 
chaſe, ſo ſhall the plumb line A F ſhew upon the 
arch E C, the angle F A E, equal to the angle 
ABF, the elevation of the cannon above the 
horizontal line B F. 


| | 3. Beſides the above, there may be 
Fig. 28. provided a ſquare of paſte-board, or of 

| metal, whoſe ſides G H, GI mutt be 
equal to the ſides AC, AE of the other inſtru- 
ment; then deſcribing upon GH a ſemi-circle, 
which ſpace muſt be cut away and left open, and 
divide the ſide G I into ſeveral equal parts. 


— 1 1— — * 2 


erte 


greateſt, as has been above laid down, but even 


E 


4. Its uſe is as follows; when you would de- 
termine the horizontal carriage, place 
the point G of the paſte-board upon Fig. 29. 
the point A of the other Inſtrument, 
and the line G I, upon the ſide A E; fo ſhall one 


of the parallels to the line A D, touching the 


open ſemicircle in the point K, ſhew upon the 
ſcale G I, the greateſt horizonial carriage at the 
elevation HK; the other parallels will likewiſe 
ſhew the other carriages upon the ſcale G I, with 
their correſpondent elevations. Having therefore 
fix d upon a certain carriage, put the inſtrument 
into the cannon, and raiſe the piece till the plumb 
line cuts upon the ſemicircle G KH, the cor- 


reſpondent elevation. 


5. When we defire to know carriages elevated 
above the horizontal, we place the ſade 
G I of the paſte-board under the line Fig. 30. 
AE, ſo that the angle EGI be the 
angle of the carriage with the horizontal, If on 
the other. hand, we would know a car- 
riage inclined below the horizon, we Fig. 31. 
elevate the line G I above the line A E, | 
to the ſame angle. All the reſt is done as above, 


REM AR K. 


Carriages may be determined, not only by the 


by any other, whoſe length and elevation is 
known, fince it only depends upon determining 
the value of the ſcale Gl. 

1 PRO ;. 
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PA Or. . 
Of the farce of the Ball againſt the Body it ftribes. 


1. Tt is plain that a ball ſtriking a body ſoon 
aſter it paſſes out of the mouth of a cannon, (every 
thing elſe being equal) will ſtrike it with greater 
force than after its motion is diminiſhed by the 
reſiſtance of the air. 


2. If the ball A, at its paſſing out of 


Fig. 32. the mouth of a cannon, immediately 


meets with the body B, it may happen, 


that the air forc'd by the flame coming out of the 


cannon, and compreſs'd againſt the body B, may 

repel the ball with a force that may more leſſen its 

motion than the air it would meet with at a little 

greater diſtance ; and in that cafe the ball will ſtrike 

the body B with leſs force, than it would ſtrike the 

body C at a little greater diſtance, beyond the reach 
of the flame of the powder. 


3. If the ball A is carried againſt” 


Fig. 33. the body B, in the perpendicular line 

AB, it will communicate its whole 
motion ; but if the ball paſſes threugh the oblique 
line AC, the motion it communicates will be 


only in the ratio of the line AC to the line 
A D. : : : 


CORDELL ARE, 


From whence- it follows, that balls ſtrike with 


more force againſt rough ſtones, than againſt 


ſmooth ones. 
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P R O p. XX. 
Of Moertars for Bombardnents. 


Mortars are a fort of cannon, more 

Mort and large than thoſe before de- Fig 34. 
ſcribed; their ufe is to throw bombs, | 
and carcaſes ; however, all that has been ſaid of 
other cannons may be applied to theſe, and par- 
ticularly the rules given for determining their 
carriages and elevations; what more peculiarly 
relates to them may be comprehended in the fol- 
lowing obſervations : 


1. Mortars ought to be very ſhort, that the 
bomb may be pfac'd in a proper fituation, that 
neither the fuſe may be loſt in rolling through the 
cannon, nor the bomb burſt in its paſſage, nor 
even retarded by rubbiag againſt the fides of the 
cannon, | 


. 2. Mortars commonly have chambers, that the 
powder may the ſooner take fire in a greater 
quantity, there being no danger that fire ſhould 
remain in them unperceiv'd, 


3. Some mortars, as A, are fo contriv'd, as to 
be rais'd or depreſs'd upon their carriages, for the 
better regulating the diſtance of their carriage; 
but this ſort of mortars are more liable to be diſ- 
mounted, and more difficult to be fix'd in battery, 


4. Mortars which, as B, are caſt w:th their 


carriage, are generally more eſteemed. They 


are commonly made to the elevation of 45 degrees, 
| | becauſe 
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becauſe that elevation gives the greateſt horizontal 
carriage. Nevertheleſs, as mortars are often de- 
ſigned to throw bombs into places elevated above 
the plane they are fix d in, I would adviſe the giv- 
ing them a greater elevation: upon their carriages: 
And if there be occaſion to leſſen the carriage of 
ſuch mortars, it may be done by diminiſhing the 
quantity of powder in their charging; which ſeems 
more natural than leſſening the carriage, by giving 
the PTC an elevation leſs proper to throw the 
bomb, | 
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